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I iHTRODUOnOK. 

TliiB work wm carried out during the summer of 1912 and the apniig of 
1913, at the lahoratoiy of the Marine Biological Association, at Plymouth, 
The object of tibs investigation was to discover how far marme turbellarians 
could be made to undeigo varmtion while legeneratmg lost parts, and, if 
possible, to oorrekte the Variations with definite physical condiUona Cktnda 
ulm was the onjy ^peoies used during the course of the investigation It is 
a small Tiiolad rad its structure has bera deeoribed m detail 1^ Wendt (Id) 
andiyiiDa(fi) 

iraxi. mxruL— E, b 
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Miss D. J. Lloyd. Influence of Oamotic 

The length of the fully grown specimens obtained at Flymonth lies 
between 5 and 6 mtn., though the worms are found sexually mature from a 
length of 4 mm It occurs between tide-marks and near the borders of 
a small stream Density determinations made on different occasions of the 
water in which it was found, show that it is normally exposed to a very wide 
variation in osmotic pressure The lowest density value recorded was 1 001. 

a value corresponding to almost fresh water , the highest was 1 028 
The mean density of the sea-water at Plymoutii is 1*023 This fact is an 
im^Kirtant one to take into consideration when placing the ammal under 
experimental conditions in the laboratory. 

Before proceeding to the mam part of the work, it seemed advisable to 
make three sets of preliminary expenineiits * the first of these was to 
detonmne the limits of osmotic pressure within which whole worms are 
capable of livmg; the second was to observe the morphological changes 
accompanying starvation in whole animals, and the thud was to make a 
histological study of the regeneration m sea-water Tliese are all described 
in detail below 

Fur the expeiiments in regeneration, only regeneration of the posterior 
end was oonsideied G ‘uivco differs from most Tnulads m that it will only 
regenerate a new head m the presence of the cerebral ganglia (6) As it 
was wished to study the effects of removing large pieces, the experiments 
wore necessarily limited to regeneration of the posterior end To secure 
uniformity, the worms were all transected half way down the length of 
the body 

0 ulm IS capable of living for many months in a state of etarvatiou, 
during which it slowly diminishes in size Kevertheless, worms kept 
without food until reduced in length from 5 5 to 1 5 mm , when bisected, 
restored their normal fonn as rapidly as did fully fed speoimens This 
point IS emphasised here because in the expenments considered in this paper 
the animals were left entirely without food This was done, firstly, to avoid 
oontamuiatmg the experimental waters, and, secondly, beoanee worms 
regeneiatmg in chffereut solutions develop the new month at very different 
intervals after section, and thus the starvation experiments progress eqnally 
rapidly and more uniformly A number of obeervations were made on the 
regeneration of 0 ulvce under both starvmg and folly fed conditions, md the 
differenoes which are found oonsist only in the rather less degree of xeditobon 
that Odours when feeding is taking place while the woms regenerate. 

The figures of the whole worms are camera sketohes made from living 
material The sections were made from material fixed m eorronve aoetio. 
and stained m picronigrosm and eosin. The sections used for studying the 



Pressure upon the Regenercaion of Gunda ulvee. 8 

cytolc^ were stained with Heideiiham’s iron heematoxylin followed by 
orange G 

11 PuKLimNAKY EXPKRIMBKTS ON BeDUCTIOK AND GROWTH IN WHOtE 

Animai^ 

(a) Reduction 

A number of adult worms 5-*6 mm in length were washed in 
sterile water and placed in a wide-mouthed sterile bottle which was closed 
with a cork Through this cork were passed two glass tubes forming the 
inlet and outlet of an air-circulation,both tubes having a cotton- wool plug in 
them to keep back chanoe organisms in the ciroulating air. The animals in 
this apparatus wore kept m a state of starvation At intervals animals were 
removed, measured, and fixed for sectionmg 

The worms were found to decrease fairly steadily in length under starvation 
Curve A in text-fig 1 shows tlie course of diminution in length in an expen- 
ment lasting 12 weeks Microscopical examination of sections showed that 
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•Cuive A> curve of dinunution U length of starving animals. Curve B, curve of rate of 
growth of starved worms on feeding Note that fiMKliiig was interrupted between 
SSnd and 97tib day. 

Starvation is always accompanied by absorption of the generative system. 
The yolk-glands appear to be absorbed first, but after the worms have been 
reduced to about 4*5 mm in length degenerative changes appear in the 
ovary, testes and secondary sexual oigans. By the tune the worms ore reduced 

B 2 
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to 3 mm in lengthy ue after 10 weeks, the lost trace of the generative system 
has vanished. 

Stoppenbnnk (15) has recorded similar occurrences in starving PUtnana, 
He states that the order of disappearance is. — Yolk-glands!, oopolatoiy 
apparatus, testes, and ovaries. In Gunda, while the yolk-glands disappear 
first, the rest of tlie genital system appears to be absorbed at a uniform rate. 
Stoppenbnnk states that there is no phagocytosis in the absorption of the 
organs In Qvmda the fact that an organ undergpmg redaction is always 
surrounded by a sheath of parenchyma cells ^see fig 4, B), some of whidi 
even penetrate into the various organs, makes it appear probable that the 
organs are destroyed by a phagocytio action of the undifferentiated 
parenchyma. Fig 2 shows an adult testis, fig 3 a testis undergoing 
degeneration Figs 4, A and B, show the changes in the ovary 



Fig S —Testis of Adult Wnmi. 
g , gut tn , testu. jf $4 , yolk-glands 



Fio. 8.— Testu after 81 Days’ Begenerstioa of Posterior Snd in Sea-water, 
degenerating spermatooytee. tea, testia. 
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A — Orary 

B — Ovary after 26 days’ regeneration of posterior end in sea-water 
g , gut jM c , parenchyma cells, op , ovary op d , oviduot 


(l») Orovoth. 

Experiments weie also made in rate of growth Worms which hod lieen 
reduced to 1 5 mm in length by a long penod of starvation were fed doily 
on scraps of the tail muscle of shrimps Tlie rate of growth was very rapid, 
and is indicated in curve B, in fig 1 Unfortunately the experiment was 
interrupted, and the worms went without food from the 25th to the 27th day 
It can be seen that this penod was one of reduction m length On the feedmg 
being resumed growth again took place 
At the beginning of the experiment the worms were without a trace of the 
generative system This was first noticed m the sections at the 10th day, i c 
when the worms were 2 7 mm long The generative system was completely 
restored at a length of 4 6 mm ,%« 36 days after its first ap^iearanoe The 
generative system in Chinda, as in other Turbellaria, is formed by the localisa- 
tion and metamorphosis of nests of jiarenohyma cells 


III PnxLnfiMAitT Expebihskts on Dubation of Life of Whoi.x Animals 
IN Solutions of Different Osmotic Pressure 

A preliminary senes of expenments was made so as to ascertain the limits 
of density, salinity, and osmotic pressure which whole worms are capable of 
withstanding A table recording these results is given below (Table II) 
Conditions under which the worms can live for seven weeks were taken as 
capable of supporting them alive indefinitely. 
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Mies D J. Lloyd Influence of Oematxc 
Table I 



Composition of wftter 

l>easit7 

Salinity 

Osmotic pressure 
(atmospheres) 
(approx within 
05 atmosphere) 

Length of life 
of O’ mhm 
m the solntum. 



t 

gm 

1 


1 

Bistillod Wtttar 

lim 

per litre 

0 uo 


1-18 hours 

2 

Top water 

1*000 

0 00 

1 - 

6 hoara-8 days 

3 

100 c 0 distilled weter^ 

<f 6 0 c sea water 

1*000 

1 6(L 

1 0 

8-6 days 

4 

+ 10 » 

1 001 

8 11 

20 

Indeftmtely 

6 

+ 20 „ 

1 002 

6 70 

8 6 

II 

6 

+ 60 „ „ 

1*007 

11 4 

7 6 

II 

7 

+ 100 „ „ 

1 012 

17 1 

11*0 

)t 

8 

+ 200 „ 

1 *016 1 

22*8 

16 0 

11 

0 

+ 600 „ „ 

— 

28 6 

IS 5 

II 

10 

Sea-water 

1 023 

34 2 

22 6 

II 

11 

100 oc sea- water — 

+ lOco 26MNaOl 

1 030 

44 3 

29 5 

>1 

12 

+ 20 „ 

1*087 

62 H 

38 5 

14 days- 

18 

+ 80 „ „ 

1 043 ^ 

60 1 

40 6 

IndeBmtely 
18-40 days 

14 

+ 40 „ 

1 046 > 

66 7 

— 

6-20 „ 

16 

+ HO „ 

1 05H 

S3 6 

- 

8-7 .. 

Iti 

+ 200 ,, „ 

1 

1*078 1 

100 0 

— 

6 hours-1 day 


Tlie Bohitions used were made by mixing known volumes of sea-water with 
distilled water, or with 2 5M NaCl, calculating the salt content, and from 
this taking the osmotic pressure from the values given in KrUmmel’s . 
* Handbuoh dor Uzeanographie ' (8) 

The salinity of the sea-vtater used was measured by titrating against 
standai'd silver nitrate and determining the chlorine value. Kniidsen's 
tables (7) give the foimula for converting the chlorine value obtamed into the 
salinity value 

It will be seen that the worms are capable of living for an indefinite time 
in water winch has an osmotic pressure of more than 2 and lass than 
33 atmospheres Between these limits the worms remain perfectly normal 
in appearance In solutions more dilute and in fresh and distilled water the 
worms swell up to four or five times their normal size In water liaving a 
salinity of 66 per cent, or more they become shrnelled. 


lY Normal Ksg&keuatiok ov the Posterior 

The changes which set in in G» vlvw after section and which oulnunate in 
the restoration of the lost parts and production of a complete worm fall 
under the head of regulatory rather than of regenerative cbangefli There 
is no growth in the ordinary sense of the word, since the first product of 
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regulation is never larger than the fragment which produced it. Fig 5, 
1-4, show the stages in the transformation of an anterior end into a complete 
worm It can be seen that there is in this case actual diminution in length 
This IS due to the fact that the regulation occurred under starving conditions 
When the pieces are fully fed there is no reduction in length. 



The chief rdlo in the traiisfomiatioii is played by the jiarenohyma cells. 
These cells are small migratory cells which are found in large numbers 
throughout the whole length of the animal’s body fn regulation they have 
two functions — 

(1) They migrate in large numbers to the region of the wound, where they 
form first au undifferentiated mass of cells and later the new tiesues 

(2) They act as phagocytes, making a sheath round the old organs, eg, 
brain and geiiitaha, and reducmg them in sue until they have become 
proportionate to the size of the new worm. 

The course of regulation in Q lUvee n essentially similar to that already 
described in various species of Planana by Schultz (11), Flexner(4), and 
Bardeen (1) The wound is closed by the ectoderm creeping inwards as a 
thin acellular layer (see fig 6, oeep). 

After the wound has healed (three to five days after section) the 
parenchyma aooumulates at the hind end. This accumulation of parenchyma 
cells IS chiefly due to migration Mitotic figures are to be found, but are 
not common in the sections, showing that actual cell division plays only a 
small rdU in the building up of the new tail. This consists for a few days of 
undifferentiated parenchyma, but later differentiated cells appear. The 
formation of the muscular layer of the new tail takes place by differentiation 



Fia, 7 —Regeneration of the poeterior end of 0 itlwB in sea-water 14 days. 
m*j xDOuth fa.c., musole oelL pa,c, parendiyioa oell pA,, pharynx. 
pA.c*f pharynx chamber, w., point of dosure of wound. 
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of parenohyma cella, one parenchyma cell forming one difiRsrentiated 
muscle fibre (fig 7). The restoration of the ciicle of the nerve oords also 
takes place by parenchyma cells pushing their way into the cut end of 
the old nerve cords and becoming transformed into nerve cells. The new 
gut 18 formed by the out ends of the two branches of the old gut fusing 
together behind the pharynx The wound on the pharynx is also healed 
by the migration of parenchyma cells 

The new mouth is formed by a iierforation appeanng between the pharynx 
chamber and the exterior The mouth perforates at a point just anteiior to 
the point of closure of the wound, usually about nine days after section 
(fig 7, m and w ). 

While the constructive changes described above have been taking place 
in the region of the wound, in the rest of the animal’s body reductive change 
has been simultaneously proceeding The first system to show degenerative 
change is the generative system The amount of degeneration that takes 
place IS directly proportional to the amount of restoration that is required 
In the present case, where regeneration is being considered after a cut that 
has removed half the body, reduction proceeds so far that the whole of the 
generative system is absorbed The yolk glands ana absorbed first, then the 
gemtal glands and secondary sexual organs 

Besides the absoqdion of the genital system it can be seen on referring to 
figs 6, 1-4, and 8, 1-4, that the growth in sire of the postenor end is 
accompanied by a raductioii in size of the anterior end This external 
adjustment is found to apply also to all the internal organs of the animal, 
as the new paits grow huger tlie old grow smaller until the proper 
equilibrium is reached. 

When these changes have restored the normal proportions of the worm, 
regulation is oomploto. The subsequent increase m size, and in the case 
under consideration, restoration of the generative system, are phenomena of 
normal growth (see Section II, h) 

It might here be noticed that the rednctional changes described above in a 
regenerating worm fragment are entirely identical with those described in 
Port II (a) of this paper, where the reduction was the result of starving whole 
animals. It will be seen later tliat, when regeneration is inhibited, reduction 
IB inhibited to the same degree Absorption of the generative system takes 
10 weeks in starving worms ; m animals which have been bisected and are 
regenerating under starving conditions it takes 6-6 weeks In animals 
which have been bisected and are being fed while r^nerating, the genital 
system is greatly reduced, but never completely absorbed 
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Median longitudinal Motions through worm regenerating in aea>'wster — 1 7 dajrs 
2 U days. 3 21 days. 4 ft6 days. 

Median longitudinal sections through worn regenerating in 100 nc. 8ea>water4-20o.e 
2iM NaCL— 0 7 days. 6 14 days 7 21 days. 8 81 days 


V liROKNEBATlOH UNDER VAnYINO CONDITIOKS OF OSMOTlC PRESSURE. 

A nutubor ol expenments in regenerntioa wete set up in artoftoial solutions 
4-11 of Table 11, m order to see whet effect was produced by raising or 
lowering the osmotic pressure of the medium It can be seen that a rauge 
ot pressure of from 2 to 40 atmospheres was examined. The results of such 
experiments show that moving the osmotic pressure in either direction from 
a definite optimum value just below that of sea-water results in a decrease m 
the rate of regeneration. This decrease of rate oulminstes, at 2 and 
40 atmospheres respectively, in complete mhibition of the restorative 
processes lig. 9 shows a number of worms <m the 42nd day of regeneration, 
ahioh have been taken from different expenme&tal media. 
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Fio 9 — Woms 42 daye after nection from — 


1. 100 ce distilled water +50 co nea-water 2 100 c.c. distilled water +100 o,c. sea- 
water, 3 100 c.a distilled water + 200 c e sea-water 4 Sea-water 6 100 cc sea 
watei + 10 ac; 2iM NaCl, 

Table II 


Time required 

No of Osiuotio ' — 

tolutiou (see pressure lU p « Course of regeneration 

Tiible I) ■tmoBphera, For liMling 

‘of mouth 


4 2 *0 Wounds never — All pieces die under 21 days Both I 

close gonads show degeneration Out I 

cells swollen and vacuolated 

6 8 6 3-10 days Mouth never Testes oontinue functioning for 

perforates 24 days after section, forming 
accumulations of sperm Out 
cells >aouoUtecL ^generation 
never complete 

0 7 6 0-10 days 18 days Testes function for 0 weeks after 

eei^tion Disintegration of gonads 
begins in 8 weeks Kegeuentiou 
complete in 12 weeks 

7 110 6-8 „ 14 „ Testes only function for a few days 

after sootion Oonads very re 
duced in 8 weeks 

8 16*0 6 7 „ 10 „ Ont cells always remain normal 

JRegeneration complete m 0 weeks 
Secondary sexual organs appear 

9 18 6 0 „ 0 „ Begenerationooupleteni 4-6 weeks 

Secondary sexual organs appear 

10 22 0 8-6 „ 0 „ Scgeneratton oomplete in 7 weeks 

(sea-water) 'tfo tnoe of generobve system 

present 

11 29 6 6-9 „ 21 „ Itogenerotion takes 8-9 weeks 

Oenital system entirely absorbed 

12 88 6 0-10 „ Mouth never Gut cells in these iusues appear 

perforatce shrunken, with very dense proto 

plasm. “Tailless'^ forms pro 
duoed. 

40 6 Wounde never — All pieces die without any regene 
dose ration in 21 days. 
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The decrease in rate oi regeneration can be measored proporticmately by a 
consideration of the tune taken to reach some definite stage. Two such 
points are considered here * (1) the time taken for the healing of the wound , 
(2) the time taken for the perforation of the new mouth These figures are 
summed up in Table II on p 11 

It can be seen that regeneration is most rapid in solution 9 This solution 
consists of 100 CO distilled water +500 c.c. sea-water. Begeneration in this 
solution is ocoompanied by reduction (absorption of the yolk-glands, etc.), 
but the regenerative processes proceed very rapidly, and, at tlie moment when 
the normal form is restored, reduction has not gone so far as to have removed 
the whole of the genital system Under these conditions the secondary 
sexual apparatus is redeveloped in the new tail Tins also occurs in 
solution 8 (100 CO. distilled water +200 oc sea-water) In more hypotonic 
solutions, in sea-water and in hypertonic solutions, restoration of the normal 
form IB a much slower process. In these solutions, the reduction due to 
regeneiation + the reduction due to the longer starvation, make it impossible 
for the worm to redevelop the secondary sexual organs, even after the normal 
form has been restored. 

In normal sea-water or hypertonic water, the removal of the postenor end 
of the worm acts as a check on the production of sperm Sperm present in 
the testicles at the time of section remmns there, and, though the activity of 
the spermatocyte cells does not immediately cease, it is greatly diminished, 
and, as regeneration proceeds (under starvation conditions), the whole 
generative system is slowly absorbed to feed the growing parts In 'worms 
regeneratmg m hypotonic water, the production of sperm oontmnes for some 
time longer, and the sperm produced leaves the testes, passes down to the cut 
end of the vas deferens, where, being unable to escape, it collects m sinuses, 
one on either side This condition is shown in fig 10 

In figs 11 and 12, A and B, are shown camera drawings of gut oe]ls(^c ) of 
animals regenerating in hypo- and bypertomo water, and also, for oompanson 
gut cells of normal whole animals In tiie strongly hypotonic solutions the 
cells are swollen and vacuolated, and the cell boundanes are hard to 
distinguish. In the hypertonic solution the cells ate riirunken This fact 
suggests that in the one case water has actually been absorbed by the 
tissues, and in the other case extracted ftimi them. Ftom this it appears 
that the epidermis m Chmda must be a highly protective mmnbraae, since 
whole animals placed in similar media show no such changes. ' 

A histological study of the tailless forms produced at 33 6 atmo^heres was 
made hy sectioning the worms at various stages These seotums Aow oertaia 
peculianties in the behaviour of the parenchyma cells. In sea-water after 
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Tia 10 — B«generation m 100 o o. dutiUed watei +fiO c c. aea-wator 43 dal's 
ff f gut sp I sperm, ves , vesicle 



Fio. ll,^Nmrmal gut cells. 
^.e.p gut cell Vs, Tftcttole 
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A B 

Fro IS. 


A— Gut ctflU from worm regenerating m 100 cc dutilled water +50 c.e Moa-water 
43 days 

B— Gut cells from worm regenerating m 100 cc eea-water+SO c.c, SJJM NaCl 
32 daja 

g e , gut cell v , vacuole 

Hection, tho parenohyma cells oongregato m the region of the wound (see 
above), but m the solution of high oamotio pressure they only travel to the 
wound very slowly The first result of this slow nugration appears m the 
greater length of time required to heal the wound (6-10 days as compared 
with 3-6 days in sea-water). The next point to be noticed is that the 
parenchyma cells do not collect together at the hind end to form the mass 
which 18 subsequently to become the new tail (figs. 13 and 14) These tailless 
forms nefver develop the perforation for the new month They develop a thiu 
muscle layer under the new ei>ithelium, bnt the circuit of tlie nervous system 
is not restored From the third week after section they develop lai^ 
vesicular spaces (see fig 8, 7 and 8, e) in the gut, or in the pharynx 
chamber, after 7-8 weeks these become filled with masses of dimutegr Afciwg 
tissue, and the animals subsequently die. A similar retardation d the 
movements of the parenohyma cells is found in the strongly hypotonic 
media. 

This checking in the processes of rmtoration is also to be found to a 
parallel degree in the processes of reduction. For instance, in sea-water an 
anterior half is completely restored ui 8 weeks, and during restoration every 
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Fio 13 — Begonoration in 100 ac. distiUed water +50 c c. sea water 15 days 
pLe t pharynx chamlier ip , {Kunt of closure of wound 



Fw. 14.— Beganeration m 100 o c sea-water +50 c,c SJM NaCl. 6 days. 
poA, parenohyma cell, w , point of closure of pharynx wound w , point of closure 

of wound. 

ta»oe of Uie genital eyatem la absorbed. In the tailless forma 8 weeks after 
section it ib found that the genital system is not reduced to any great extent 
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The alight degree to which the reduction proceaaea are earned is reflected in 
the external form of these pieces, which only suffen very digfat changes 
during the time (c/. figs. 6 and 15). 



Flo 16. — Stages of Begeneration in 100 aa sea-water + SO cc S|M NaCI 
1 10 days. 2 14 days. 3 26 days 4 Side view of 3. 


Many sections were examined for mitotic figures, and a comparison was 
made between the mitoses found in worms regulating in sea-water and in 
water with a higher or lower osmotic pressure Text-fig 16 shows the type of 
mitoses found. At osmotic pressures of 7 5 and 38 atmospheres tiie mitoses 
appear to be a httle irregular, but in all cases mitotic figures are so rate that 
It would not be justifiable to asenbe a pnnoipal role in the failnre to 
regenerate, to any such irr^ularities. 

8 . 0 , £) 0 . 

% C. 

6 2 0 0 S 

S 9 M iZ 

Fio 16.— Mitotic Figures from the Farencliyina Cdla 

1-4. From twu« regenerating m lea-water 6-7 From tisane regenerating in 100 &c. 
dietiUed water+tOcc. sea-water 8-lS. From tusna regeneiatmg m lOO&aaaa- 
water + SO c a 2jiM NaCL 
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The results given in this paper show that for G ulvai there is a definite 
value for the osmotic pressure of the surrounding medinin, at which legeneia- 
tion of the hind end occurs most rapidly This point lies inside the lange of 
variation of osmotic pressure to which the animals are subjected in their 
natural environment Above or below this point the rate of regeneration 
diminishes, until finally it is entirely mhibited A Himilar phenomenon has 
been obtained by Child (2) in Plaum’ut by adding doses of alcohol, ether, and 
potassium cyanide to his cultures, or by raising the temperatuie to a pomt 
just below that which causes the death of the tissues Child has ascribed tha 
change of into of regeneration, with its final production of tailless foims, to 
the lowering action of the external agent employed upon the “ rate of action” 
of the regenerating fragment as a whole 

In the present cose the morphological cause of the reduced rale of 
regeneration can be localised in the parenchyma cells Tliese normally 
migrate lu large numbers to the region of a wound and there build up the new 
tissues When, however, the osmotic pressure of the surrounding meilmm is 
removed from the optimum value, this migiation is checked and finally 
inhibited In the latter case, the wound nevei heals, and the fragment 
ultimately dies. In the case wheie the osmotic pleasure is just short of 
completely preventing the migration of the cells, the wound slowly closes 
hut no new organs are formed This produces the so-called tailless forms. 
The swelling that occurs at the hmd end lu these oases is not due to the 
formation of tissue but lo the development of large cavities in the gut or 
pharyngeal chamber, oi, in hypotonic media, to the absorption of water 
In Planana marufafa, Curtis (^3) describes the development and absorption 
of the genital system as a ix‘gular seasonal change G ulvas, however, is found 
sexually mature at Plymouth all the year round Cnoe it has leached 
xnatunty, the genital system is only re-absorbed under conditions which 
make it necessary for the animals to use then own tissues as a source of 
energy, These conditions are — (1) hnnger, (2) regeneration after a cut 
which has removed a fairly large proportion of the ammal’s body (Doubt- 
less, after loss of small amounts, some reduction takes place, but not enough 
to be easily recognised } In the regulation of G. ulvcp, after a loss of some 
of its parts, reduction and regeneration go hand in hand, and in some casee 
where regeneration is inhiliited by some external feotor, ey, high omuotio 
pressure, reduction is inhibited to the same extent 
As Stookard and others have already pointed out, regenerating parts have 
a potent influence on the old body This fact is again well illustrated in 
VOL. uQcxyin.— a c 
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the seotious uhown in fig 8 It onn be seen that whete a new part is 
growing, an old part is conespondingly diminishing (fig, 8, 1-4) In 
oases where there is no formation of new parts (fig 8, 6-8), there u 
correspondingly no dimmutiou of the old ones Thus, when no tail grows 
out, and where the pharynx also shows no growth, the part antenor to the 
pliarynx lemaius with unchanged proportions The value of the irregulai 
mitoses foiuid in the parenchyma colls under the conditions unfavoiuahle to 
development remains to be considered Under nonnal conditions regenera' 
tion takes place without the pareiichjma cells increasing to any great extent 
m mimlier For this reason it seems probable that the failure to restore the 
lost parts under conditions of very high or very low osmotic piessure is not 
duo to failtiie of the pureiicliyiua cells to divide, but that both checked 
imgiation and irregular mitoses are an expression of unfavourable ohauge in 
the physiological conditions This suggestion leceives sap^Kiit from the 
appearance presented by the gut cells, which in strongly hyptomc solutions 
arc swollen and vacuolar, while lu hypertonic solutions they are contracted 
and dense 

The most favourable conditions fur the regeneration of G ulm are in a 
mixture of 100 jiarts of distilled water to 500 of sea-water, and at an 
osmotic pressure of 18 atmospheres Itegeneratiou occurs, though less 
rapidly, in solutions having an osmotic pressure as low as 7 5, or as high as 
29 5 atiaosi>heres Above or below these two points the watei content of the 
ttssnes appears to have been altered to such an extent that the cells, notably 
the parenchyma cells, can no longer perioi m their normal fonctioiis 

Summary. 

1. G uho! is capabJe of living indefinitely in water having an osmotic 
pressure of moie than J and less than .13 atmospheres 

2 The late of regeneration of the posterior end in G, vim depends on the 
9 sniotio presbuie of the medium This osmotic pressme has an optimum 
value for regeneration at 18 atmospheres, te, just below that of sea-water, 
find limiting values at 5 and 33 5 atmospheres. 

J Itestoration of lost parts in 0 vim is brought about entirely by the 
UudiiTereiitiated pareucliyma cells which migrate to the region of the wound 
and build up the lust paits 

4 For values ot the osmotic pressuie lying between the optimum and the 
liuriiting values, this migration of the jiarenchyma cells is letarded, and the 
tale of restoration is retarded to a similar degree. At the limiting values of 
tlie osmotic pressure there is no migration of the parenchyma cells and no 
raetoration of lost parts. 
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5 Under starvatiou oondiUous, (7. uha^ undergoes reduction. This consists 
in (1) absorption of the genital system, (2) general reduction in size Both 
these ore brought about by the activity of the parenchyma cells 

6 During the process of restoration of lost parts the same reduction 
processes occur as in starvation Where the restoration of lost parts is 
letarded, eg, by raising or lowering the osmotic pressure, reduction is 
retarded to precisely the same extent 

7 In sea-water or hypertonic solutions removal of the postenor half of 
the body inhibits further production of sperm In hypotonic solutions sperm 
continues to be produced for a varying length of time 

8 In strongly hypertonic solution examination of the gut cells shows that 
these have diminished in size and become luoie dense In strongly hypotonic 
solutions they have increased in size and become vacuolai 

I should like to take this opportunity of thanking the director and stall 
of the Plymouth laboratory for the promptness with whicli they have 
supplied me with material, and foi their unfailing kindness during the 
whole time I have worked at the laboratory I should like also to 
acknowleiige my indebtedness to the Boyal Society, the Zoological Society, 
and the University of Cambridge for the use of then tables at Plymouth 
Finally, I wish to thank the Trustees of the Balfom Fuad for a grant 
which made it possible for me to take up the work in 1912 
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Glossiua brevipalpis as a Carrier of Trypanosome Disease in 

Nyasaland 

By Surgeon-General Sit Pavu) Bbuor, C B., F B S , AMS., Miyor A £ 
Hamekton, D S 0 , and Captain D P Watson, B A M C ; and Lady 
Bbuce, BBC (Scientific CommiBBion of the Boyal Society, Nyaealond, 
1912-14 )* 

(Boceived March 2S, — Bead April 30, 1914 ) 

[PI.ATK 1 ] 

INTBODUOTION 

Glomm brevtpalpts (Newstead) u fouud at many S}H)t8 along the west 
shore of Lake Nyasa The nearest point to the Commission’s camp at Kasu 
where they were at all common was at the month of the Lmgada nver 
(13° 27' S lat , 34° 19' £ long). This was 50 miles away, but with the aid 
of a motor-cyole specimens of these flies were brought up to the camp 

It IB proposed m this paper to give (I) a short account of the habits of 
this tsetse fly, (II) the results of the dissection of the flies, (III) the 
mfectiTity of tho wild flies, and (lY) the result of various tomsmiasion 
experiments 

Cine of the members of the Commission camped on the Lake-shore from 
Apnl 26 to May 10, 1913, to superintend the catching and sending to the 
camp of these flies He has supplied the following account of tiieir 
habits . — 

* 34aJor D Muvey, BAM C, took part m the work desoribed m this and the four 
following papen , but, having left the Oomnuiion in September, 1818^ before the 
reports were drawn up, hit name does not iqipear in the titles. 
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I Habits ot G brevipalpis 

* 

G, hrempaJfis is found frequenting the roads in a small area of country 
around Markho village on the west shore of Lake Nyasa, at the mouth 
of the Lingadzi river This tract of country, which may be roughly 
estimated at about 5 square miles in extent, is broken up by swampy hollows 
and streams forming the delta of the Lmgadzi It is covered with palm 
forest and a dense undergrowth of high grass and bush, and is traversed by 
two mam roads, one between Maikho and Lmgad/i estate running east and 
west, and another running parallel to the Lake'Sliore and about 1 mile to 
the west of it. The roads me hoed tracks about 3 yards broad, cut through 
the palm forest and walled m by high grass and almost impenetrable bush 
0 hrempaJpta is crepuscular in its habits and quite unlike other Nyasa- 
land tsetse flies During the daytime, from dawn till about an hour befoie 
dark, one may pass along the roads or wandei in the surroundmg jungle 
without encountering a single fly of this species But as evening approaches 
odd flies suddenly appear sitting motionless m the middle of the hard-trodden 
path all the way along the road between Markho and Kaaache, a distance 
of 2 miles, and foi about 2 or 3 miles up the Lingadzi road They do not 
follow or settle upon passers-by like other tsetse flies, and they would pay 
no attention to a dug which was repeatedly walked through their haunts 
in the evening In tlie dun light they aie difficult to see, and lesemble little 
bits of earth on the path, but the searcher’s atteiition is attracted by the 
sound of them bu.izing up as they are disturbed by his footstexis They 
immediately settle on the path again and are easily caught, for it missed 
by the first stroke of the not they at once resettle near the same spot 
The hard-trodden surface of the path seems to have an irresistible attraction 
for them They do not move aliout in search of food or chase each other, 
but remain motionless for several minutes, and when tliey move it is only 
to fly up and immediately settle agam m the middle of the path They 
were never seen on the roads at dawn, as the mornmgs at this tune of the 
year were invariably cold and misty 

« Out of the 600 flies caught and examined on the spot all were males 
Some of them were found on dissection to contain mammalian blood Gome, 
such as buf&ilo and several species of antelope, is common m the distnot 
Flies kept m captivity remain dormant on the sides of their cage during 
the day At night they are very active and buzz moessantly m their efforts 
to escape. If the side of the cage be applied to tiie skm of a goat or a dog 
they will feed with avidity at ahy time of the day or night 
A few wQd flies were dissected in order to ascertom their natural food. 
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In 50 flies seven contained recognisable blood This in six oases was 
antelope blood, in the seventh probablj human 

It IS ounous the great preponderance of males over females. It seems to 
be a habit of the former to freqnent paths m tlie evening, while ^ females 
presumably hide in the thick jungle The same thmg obtained to a lesser 
extent with G. morsitana. Among all the G. bmnpalpu dissected at the 
laboratory, amounting to several hundreds, only four females were found 

II DiSSXCTTOX of WIU) O BRBVirALPIS TO AsCERTAHi WITH WHAT SFBCIES 
OF TkYPANOSOMKS, if any, THEY ABE INFECTED 

Four hundred and ninety-six wild flies were examined , 44 of these were 
positive and 452 negative Table I gives the result of the dissection of 
the positive flies 

Among the 44 flies which contained flagellates, it was possible to make a 
more or less correct guess at the species in 19 These are T brucn vel 
rhodmenae, 1 , T peeomm, 9 , T aimtce, 1 , and T grayt, 8 In 10 flies the 
flagellates were consideied to belong to a pathogenic type, species unknown 
No opinion could be expressed about tho remaining 15 

It IS curious that G hrenpalpia should contain flagellates resembling 
T. which is so often found in Q palpalta Now one thing common to 
G hrempaipta and G palpalta is that they both live alongside water. This 
would point to the vertebrate host of T grayt, if there is one, being some 
water animal, such as the crocodile or iguana, or some water bird. 

Conduatm. 

Wild G Imvtpalpta are naturally infected with T. brum vel rhodtaunae, 
T peeorum and T stmue. 
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Table I 
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gut. 
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gut. 
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III. THS lUntOTlVITT 07 THB WILD G. KtBVlPALPlS 

Afewexpeiinenta veremade to test the netoral infsotmty of ff> brettpaljne 
lugr fieeding them on healthy auimala 

Wfaea the flies ^rore brought up from the Lake^hore they ve^ce fed oto' 4 
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monkey, dog, and goat Five expenmenta ui idl vrere made , four negative, 
one positive. The following Table gives the reault : — 


Table 11. — Feeding Wild Glmma brempalpis 



IV Tbansmission Expbriments 

Several experiments were carried out with 0 hevipalpui, to asoertam if this 
species of tsetse fly can act as a carrier of the vanous pathogenic trypanosomes 
found in Nyasaland 

These experiments were made, not with laboratory>bred but with wild flies, 
and this of course takes away much of their value It was found impossible, 
on account of the distance trom the Lake-shore and the scarcity of flies, to 
attempt the breeding of 0 bretnpalpts, in order to obtain laboratory-bred flies 

The species of trypanosomes experimented with were* (1) T. hntcei vel 
rhodmeme, the trypanosome causing disease in man m Kyasaland, 
(2) T brum, Zululand, 1918 , (3) T, peeorum , and (4) T. oaprm. 

1. The Development of T. brucei vel rhodesiense t» G bievipalpis. 

(a) Feeding WM Q. brevipalpisyfrs^ on Ammaie iifeeted wUh the Trgpanoeome 
eaimng Dteeaee tn Man Myasaland and fheii on Healthy AnvmeUa, to 
dtseover ^ this Speeiee of Trypanosome passes through a Cyde of Jkvdop- 
ment tn thee Speews of Testee Fly 

Two hundred and thirty-two wild G. hretnpalpie were used m six experi- 
ments, but in no ease wildi a positive result. Only fifty-three flies were 
dissected and eight infeoted flies found. If all had been disseoted profaaUy 
about 30 to 40 utfeoted Ams would have been found. 
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Table lU 




No 

Fzpt 

No of flies 
dissected 

No of 

No of days 

Date. 

Fzpt. 

of flies 
used. 

positive or 
negative 

infected flies 
found 

before flies 
beoame infective 

1918* 







Mar 6 

1986 

2 


I 

0 


.» ee 

1 2002 

10 

— 

6 

0 


iTuna 2 

' 2201 

70 

— 

8 

2 


« 9 

2218 

60 

^ 1 

1 19 

2 


» 91 

, 2282 

60 

! 

! 16 

4 


July 23 

2810 

40 


! ^ ■ 

0 



{b) Details of the 8m Negative Experiments 

Table IV. 



Prooedure 


nem«rl(9 


Flies fed on infeotod Guinea ' Only 2 flies used , one escaped and the 
pig 1658 t other died on the 16th day of the ez- 

Starred I penment, on dissection it was found 

Fed on clean Guinea pig 1907* negative 

Flies fed on infected Monkey ' 10 flies used (» were dissected , all 


970 
Starved 

Fed on clean Dog 2041 

Flies fed on infected Monkey 
2166 
Starved 

Fed on clean Dog 2211 

Flies fed on infected Monkey 
2161 
Starved 

Fed on clean Dog 2287 


negative 


70 fliee used Only 8 were dissected, 
2 found infected, one with T grayt, the 
other with a pathogenic type of trypano 
some 


00 flies used 
19 dissected 


2 found infected Only 


Flies fed on infected Monkey | 50 flies used , 4 found infected 18 flies 
2152 I disseotei) The 4 infected flies showed 

Starved. infection of tlie gut alone 

Fed on clean Dog 2244 


Fites fed on infected Monkey 
1792 
Stwred 

Fed on clean Dog 2815 


40 flies used 
negative 


Only one fly dissected , 


ifi) Mesuli of tho Ihmdwn of the Inftt^ed FlitOe 

As will be eeea from Table III, eight infeotod flies were found among the 
Qe Irop^aljns which had fed on animals infected with the tiypanosome 
cauaing disease in man m Kyasaland* The following Table gives the result 
of the dissection of these eight flies 
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Table V 


Kx2>t. 

Tuiie> daya 

Proboaoifl 

1 

I 

3 

SaliToiy gkiidi 

2301 

80 

_ 

+ 


2201 

87 

— 

+ 

— 

2218 

88 


+ 

+ + + 

2218 

46 

+ 

+ + 

— 

2282 

87 


+ 


2282 

87 


+ - ' 

1 ^ 

2282 

44 


+ 1 

1 - 

2282 

U 

1 


+ 

1 _ 


In Expenment 2201 there were two infected fliea found One of these 
appeared to be infected with T ipayi, the other with a trypanosome of a 
pathogenic type 

In Plxpenment 2213 there «ero also two infected flies In one the 
development was restricted to the proboscis and the alimentary tract, in the 
other the salivary glands as well as the intestine were found to be swarming 
with trypanosomes This fly, which was dissected 33 days after it had fed 
on an infected monkey, had the whole lumen of the glands filled with active 
motile tryyianosomes, which came pounng out of the broken end of tlie 
glands It was thought at the time that these must be infective forms of 
the trypanosome causmg disease m man in Nyasaland, but a part of the 
salivary glands and contents of gut injected mto a white rat failed to infect 
It In spite of this negative experiment, however, it is probable that 
this lepresents a true development of the Nyasaland trypanoeome m 
G. brevipaipm, the development not having reached the infective stage. A 
fuller description of the morphology of these salivary forms will be given 
under the next heading It may be noted here tliat salivary glands infected 
by T brtuei vd rhodmuise or by T brum, Zululand, 1913, seem to be mine 
crowded with trypanosomes than m the ecwrespondmg infection of 
Q palpalts by T gambwnse The salivary glands in the former ease appear 
to be swollen and bursting with the flagellatee. 

In Experiment 2282 there were iour infected flies found, but in none waa 
there any invasion of the salivary glands. 

(d) Morphology of the Trypanosomes found in the Sahrnry Okmds Wild 
G, brevipalpiB whteh had fed on a Monkey v^setud vnth the Ikyponosomo 
eausMig Disease %n Man in Hyasaland, 

.This fly, as desoribed above, waa found in Expenment 2218, and failed to 
infect the clean Dog 2237 which it had been fed upon. Vsat of the aaUvMj 
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glands and contents of the intestine also failed to infect Kat 2234. It would 
i^pear, then, that this dy had not yet reached the infective stage 
It 18 now proposed to describe the different forms of the trypanosomes 
found in the salivary glands of this fly somewhat in detail, and to bring 
forward a theory in regard to a stage which seems to occur in the final 
development of this trypanosome in the salivary ^ands. The different 
forms and apparent stages in their development could be more easily made 
out in & brevtpalpu than in G nioratiaiu, on account of its greater size 
On Plate 1 this evolution of tlie tiypanosome causing disease in man m 
Nyasaland m the salivaiy glands is represented 

Figs, 1 and 2 represent the long, slender developmental forms of trypano- 
somes found in the mtestme of the fly, from the mid-gnt to the proventnculua 
It IB this type of trypanosome which invades the salivary glands 

Fig 3 shows the change in shape which the intestinal forms undergo on 
entering the salivary glands The posterior extremity lengthens somewhat 
and the micronucleus and flagellum pass forward This appears to be the 
commencement of the change to the crithidial type 

Fig 4 represents the fully developed cnthidial foim of the parasite Tho 
micronucleus and flagellum have passed further forward until they he 
anterior to the nucleus The ontenui }>ortiuu of the parasite has broadened 
oat , the posterior has become attenuated 
Fig 5, the parasite is still cnthidial iii form The antenor half has become 
still broader, the postenor half elongated and further attenuated 
Fig 6, the attenuated postenor jiortion has shortened 
Figs. 7, 8 aud 9 represent further stages in the evolution The long 
attenuated postenor extremity has disappeared and the parasite has become 
contracted and thickened 

Fig 10 shows the last phase of the cnthidial stage. Here the parasite has 
assumed a rounded form and the flagellum is folding on itself. 

Fig. 11 represents a group of parasites in the encysted stage In this form 
they ate found messed together in the lumen of the sahvary glands 
Fig. 12, in thu group the encysted forms are just unfoldmg 
Fig, 13 shovi^s a single encysted form breaking open. The micronucleus la 
now posterior to the nucleus; the cnthidial has become the trypanosoma! 

Figs. 14, IS, 16, and 17 demonstrate further stages in the unfolding of the 
encysted form. The parasite is now assuming a trypanosome shape 
Figs. 18 and 19 show the fully developed salivary-gland form of the 
trypanosome niis constitutes a reversion to the ** blood form " from whidi 
the oyole of development began and is the only infective form 
On comparing these figures with the developmental forms of idie 
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trypanosome causing disease m man m Kyaasland in G. mortUant,* or with 
the same forms of T hruoei, Znluland, 1913, t it will be BjqMunmt that in aU 
probability this is a true development of this trypanosmne in O. hremfolpu 
It 18 true wild flies are being dealt with, bat in thu dutriot it la only 
trypanoBDmi« of this type which invade the salivary glands, eo that 
T peeorum, T simw, and 7'. eapm are excluded It is very unlikely 
that T. grayi invades the salivary glands 

Conelvsum 

w 

fjr hevipalpts is capable of acting as a carrier of T hrucei vel rhodmenae^ 
the trypanosome causing disease m man in Nyasaland 

2, The Development ofT brucei, Zululand^ 1913, in G brevipalpis 

(a) Feeding Wild Q, brevipaljiie Jird on Anmals in/eeted mth T brucei, 
Zuhihtnd^ 1913, and then on Htalthy Animals^ to ascertain if ilm ^eiea 
of Trypanomne pams through a Cycle of DevelopmerU in this Hpecm of 
Taetae Fly 

Table VI 


I 


i 

Bata 

Expt 

1 No of 
fliai 

1 used 

Sxpi polittTe 
or negative | 

No of fllM 
duieotad. 

1 No of 

1 infeoted flies 

1 found 

1 

1 No of dayt 

1 before flies 

1 beeaine inf eofcire 

1 

1 

1912 , 

Mar 

8130 

60 


10 

1 


July 1 1 

rnmm 

ao 

+ 

8 

0 

51 

17 1 

2200 

eo 

1 

0 

0 



(b) Details of the Three Faoperiments 


Table VII 


Kxpt 

Bay of 
expt 

Prooedore 

Bemmks 

8180 

1-8 

8 

Files fed on infeoted Monkey 1970 
SUrred 

Fed on olean Bog 8148 

80 flies need t 1 found ufeotad^ 
only 10 disseoted. 

8950 

1-4 

5-6 

7-60 

Files fed on infeeted Bog 8840 
Starred 

Fed on clean Bog 8876. 

60 flies used; only 8 dissected. 
boUxnegatiTe Bm 8276 ihoW 
trypanosomes on tSe 59th day. 

8899 

1-10 

11 

18-61 

Flies fed on infeoted Dog 8854. 
Sterred. 

Fed on dean Bog 8814. 

60 flies used} none dissected 


* * Boy, Soc, Proc./ B, vol 87, p, 516 (1914). 
f IbuL, B, vol 87, p. 498 (1914). 
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Two hundred wild Q. Irempalpu were used m three expenmenta— one 
positive, two negative. Only twelve flies were dissected, one of which was 
found to contain m the intestine long,nbbon-like trypanosomes of apparently 
a pathogenic type, but it was not possible to place it It is to be regretted 
that all the flies had not been dissected as was tlie rule in these transmission 
expeuments. 

Bog 2276 became infected 58 days after the flies had fed on the infected 
animal. This would point to the development of T hruoei, Zululand, in tho 
flies If there had been a fly in the cage naturally infected with the Nyasa- 
land Strom, then the animal fed ujion ought to have shown tryjmnosomes m 
its blood earlier than 58 days It may therefore be held as highly probable 
that Dog 2276 was infected by a G hrevipaljns in which a development of 
T hmceit Zululand, 1913, had taken place 

Conclxmon 

Q brevtpalptH is capable of acting as a carrier of T. h iicet, Zululand, 1913 
3. The Development of T pecorum 6. brevijmlpis 

(a) Feeding Wild G brevipalpiB^rjj^ m Ammah infected vnth T pccorum and 
then on Healthy Ammale,io aeceitain if thus Spctneuof Ti }fj)ano8onie paam 
through a Cycle of Deulopment m thm Species of Tsetse Fly 


Table VIII 


Date. 

Expt. 

No 

of Biot 
used 

Expt 

positiTe or 
negafckre 

No of flies 
dissected 

No of 

infected flies 
found 

No of days 
before fliee 
became infective 

m2 

May 88 I 

8100 

80 

1 

+ I 

17 

6 

29 

June a 

8807 

60 


16 

0 



One hundred and thirty wild 0. hrempalpis were used in two experiments — 
one positive, one negative Only 33 flies were dissected , six found infected 

(b) Detads of the Two 


Table IX* 


£xpt. 

Day of 
flxpt 

Procedure 

Bemarks* 

8190 

1-8 

FUee fed on infected Goes 2186. 

80 flias usad i 6 infected flies found e 
(Hdly 17 disseoted Goat 8302 showed 


4-6 

Starved. 


6-86 

Pad on (dean Goat 2208 

trypanosomes on the 80th day 

8807 

1-6 

ilUl fad (W iafaated Goat 8186 

60 flies ubinI i only 16 flies diaseoted , 


7 

8-46 

Starved. 

Pedon elaan Goat 8810 

ill negative. 
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<o) Emt/i of iht lhaaectvm of the TvfvAed Flxea 


Table X 




Proboiois. 



Expt 

Time, 

Labial cavity 

Hypopbarynx 

AHmeniwry 

tract 

Sahvmrj 

glande 

2190 


. 


+ 


2190 

23 1 

+ 

+ + 

+ 


2190 

86 

— 

•• • 

+ 


2190 

86 

+ 

+ + 

+ 


2190 

86 

+ 

+ + 

+ 


2190 

36 

+ 

+ + 

+ 

1 


lo Expenmeut 2190 six infected flies weie found In four of these the 
hypopharynx was blocked witli small " blood forms ” of T pecorum Taking 
into consideiation the time which elapsed between the feeding on the 

infected goat and the appearance of an infective fly in the cage — 23 days 

and, further, the number of flies found mfected with T, peeorvm — 4 in 33 — 
It must be admitted that a development of T peeomm has taken place in 
G breotpcUpts 

Conelnmon 

G brnnpolpvs is oaimble of acting as a carrier of T pecorum 

4. The Detelopment of T capne tn G brevipalpis 

(a) Feeding imld G brevipalpiB,yiis< o/t infected with T oaprts, and 

then on Heedthy Aniuuda, to ascettotn ‘ftkia Speeiee of Trypanoaome paatea 
through a Cycle of Develcpment %n thu Speciea of Tutae Fly. 

Tliree expennieuts were carried out with wild flies One was negative and 
two positive. On examming the positive expenments, they were found to 
be T peromm infections, and not T, eaprce The animals were probably 
infected by naturally-infected 0 hrewpalpta. No infection by T eaprta took 
place, but one of the flies, on dissection, was shown to have an undoubted 
development of T aijnrw in the labial cavity and hypophorynx 


Table Xr 


1 Bate. 

Expt 

No of 
fliOft 
tuied 

Expt positive 
or oegatire 

No of Him 
disrected 

No of 
lafeeted flies 
found* 

No of dsya 
before flies beoame 
iafeotlTe, 

1912 
April 11 
Hay 80 

son 


1 

8 

1 


2199 1 

00 

+ 

80 

1 

80 

July 17 

2277 

00 

+ 

0 


84 












Carrier cf Trypanosome Disease tn NyasaJtand. 81 
(b) Detaiis of the Three Expenmenis 

Table XII 


I 


Bs|it 

Day of 
expt 

Prooodure 

Remarks 

2071 

1-8 

9-10 

11-12 

FUei fed on infected Ooat 1012 
StarTed 

Fed on clean doat 2108 

11 flies used j 1 infected fly found 
Only 8 dissected 

2189 

1 i 

' 1 
1 ! 

j 

1-8 

9 

i 10-86 

1 29-80 

1 81-fiO 

Flies fed on mfeoted Goat 1912 
Starred 

Fed on clean Goat 2212 

Starved* 

Fed on clean Goat 2246 

00 flies used , 1 infected fly found 
26 dissected Goat 2212 showed 
trypanosomes on the 27th day 
Goat 2245 negative 

2277 

1 

1 

1 

1-5 

0-7 

8-82 

88-84 

86-A9 

Flies fed on infected Goat 2220 
Starved 

Fed on clean Goat 2287 

Starved 

Fed on clean GKiat 2362 

50 flies used. Ko flies dissected 
Goat 2887 sliowod trypanosomes on 
the 81st day, and Goat 2362 on the 
49th day 


(o) SesuU of the Ihmction of the Two InfeeUd Fites 


Table XIII. 


Bxpt 

lime, days 

Proboscis 

Labial cavity ^ Hypopharynx 

Alimentary 

tract 

Salivary 

glands 

2071 

9 

+ 

+ + 

— 

1 * 

2199 

45 1 

+ + 

- 

+ + + 

1 


In Experiment 2071 there is evidently a development of T capta, in the 
8y found mfeoted. The intestine and sakvary glands are free, whereas the 
hypopharynx is crammed with numerous short trypanosomes of the T capree 
type. In the labial cavity one laige colony oi large flagellates of a 
onthidial type was seen 

In Experiment 2199 the intestine and labial cavity of the infected fly 
werelfonnd to have a heavy infection of trypanosomes As the intestmo was 
also involved, this is probably a natural infection of tlie fly with T.pecorum 
The animal*the flies were fed on was found to be suffenng from a T peconm 
infection 

In the third expennmt — 2277 — none of the flies wore dissected, but, as 
the animal the flies were, fed on became mfected, as in the last experuuenl. 
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with T. peeorum, and not with T. eaprm, it ia probable that no oonplete 
development of the latter had taken place 

Combmom. 

Gn hrempalpis is oapable of acting as a earner of T. caprag, 

Qkneral Ookolusiok 

Q hrevipalpifi is capable of acting as a earner of T hrum vel rhodesknsef 
T hrma^ Zululand, 1 913, 71 peemm, and T cceprtc 


DESCRIFTION OW PLATE 
(See aleo p S7 above ) 

Plate 1, Ti^ypamtoma bruMi vttl rIiode$t&i$ef the trypanoaome causing dueaee in man 

in Nyasaland, 

Figs 1 and 2, intestinal forms 

Fig 3, intestinal foim after enteiing salivary glands 

Figs. 4-10, cnthidial forma 

Figs 11 and 12, groups of parasites in the encysted stage 
Figs 13-*17, encysted foims opening out. 

Figs IS and 19, fully developed salivary-gland forms This oonstitutes the end of the 
cycle of development, which ends where it began, in the ** blood form** of the 
vertebrate host 


Stained Giemsa. x 2000 
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. Ill, — Trypanosoma pecorimi. Devdopment in Glossina 
morsttans. 

I 

By Sargeon*Gteneral Sir Dayid BuaoE, CB, FB.S., A.M.8., Miyor A. E 
HAHBaxoy, DSO. and Captain D. P Watbok, B.A.MO. ; and Lady 
Bbdox, BB.C (Scientific Commiaaion of the Boyal Sooie^, Nyaaa- 
land. 1912-14) 

(Received March 26, — Read Apnl 20, 1914 ) 

[Plat* 8] 

Introduction. 

In a previous paper* the morphology of this species of trypanosome and 
Its action on animals were described In this it is intended to give an 
account of its development in Glosnna morsUans. 

This trypanosome belongs to the group in which the development takes 
place first in the gut, then passes forward into the labial cavity of the 
proboscis, and finally reaches the hypopharynx, where the trypanosomes 
revert to the original " blood-forms " and become infective There is no 
infection of the salivaiy glands. 

THB DGVKbOPMKNT OF T PECOKUM IN G MOBSITAN8 

Seven experiments were carried out with laboratory-bred flies Five were 
positive and two negative. 

Table I -Laboratory-bred Flies 


Sato 



Kxpt 

No of 
fli« 
uiod 

Expt 

poftitiroor 

nogotire. 

No of 

infeetiod fliet 
found* 

No ofdnyi 
before fliei 
become infeottre 

Keen 

tempemture 

ma 

Mw 18. 

■ 

848 

U 

+ 

4 

68 

art (80 8*0) 

j^uly a, 

884 

20 

+ 

2 

87 

85*F (18 8*0) 

ma 

Jan. 8 , 

1788 

00 


0 


1 

84'’P (88 8*0) 
! 8«*F (88 8*0) 

•it' ^ 
Rkh. 10 , 

1787 
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Two hundred and forty flies were used and twenty>foar infected fliee 
found — 10 per cent. The first two experiments were carried out at the 
ordinary temperature of the laboratory , m the others the flies were kept m 
the inoubator. 

DetaiU qf the Five Fontive FhqienmenU, 

The following Tables give the pnncipal details in the canying out of 
the five positive expenmenta They were all earned out with laboratory- 
bred flies — 

- Table II 


Kxpfe 

M6 

524 

17S7 

1853 

1050 


Day of 
expt 


Procedure 


1-8 22 iiiei fed on T jHfeorwn 

tnfectod dog 
4 Sterved 

5- 02 Fed on clean 550 

08 Starred 

, 64-62 Fed on clean Dog 660 

I 1-6 20 flies fed on T* />«eoram 

infected rat. 

6 Starred 

7-44 Fed on olaan Dog 641 

1-3 40 flies fed on T pecorum* 

infeeted dog 
4 Starred 

6- 27 Fed on clean Dog 1760 

1-8 25 flies fed on P pteomm- 

infected dog 
4 Starved 

5-26 Fed on clean Ctoat 1003 

I 

1-8 I 88 fliee fed on T^pteorum* 
infected goat. 

9 Starred 

10-20 Fed on clean Dog 1978 

I 


Bemarks 


Goat 660 became infected on the 60th day j 
Dog 6^ on the 62nd day All flies dis 
set ted j 4 found infected 


^ypanosomes flrst appeared in blood of 
lK>g 641 on the 44th day. All flies dis- 
sected I 2 found lufectea 


All flies dis- 


Tiypanosomas first appeared in Mood of 
Dog 1750 on the 20th ^y All flies dis* 


Dog 1760 on the 20th day 
seotodt 8 found infected 


I 

, Tirpanosomes first appeared in blood of 
j Goat 1903 on t^e 81st day 26 flies dis- 
sected } 6 found infected. 


Trypanosomes first appeam 
Dog 10^ on i^e 26Ui day, 
sectod t 0 found infected 


in blood of 
All flies dis- 


It would appear from these five positive experiments that a period of from 
19 to 53 days may elapse before the (Tcle of devel<^ent of Trypanotoma 
peaorum in 0. morntatu is complete and (he fly becomes infeobve. 

Dtiaile of the Two N^txUm Expennumia. 

The following Table shows the method of procedure in canying out tiie two 
negative experiments — 
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Table III 


Expt 

Day of 
oxpt 

1782 

1-2 


8 


4-88 

2116 

1-4 


5-6 


7-8 


Prooedun 


Bomsrki. 


60 Am fed on T, pmrum* 
udtoUd dog 
Stomd. 

Fed on olean Bcf? 1786 
(HiXpemnent stopped ) 


Dog 1736 never shotved taTpanosomei 
26 flies remained alive , used for another 
experiment Only 12 flies dieeeetedi all 
negative 


40 flies fed on T»p0eortim~ 
infected rat. 

Starved 

Fed on olean Monkey 8060 
(Experiment stopped ) 


Monkey 2066 never showed tiypanosomee* 
All flies dissected, 4 found infeetted 
Experiment stamped on account of death 
of most of the flies 


Result oe the Dissectiok or the Infected Flies 

The following Table gives the result of the dissection of the infected flies 
found in the positive experiments The second column gives the number of 
days between the first infected feed of the fly and its death and dissection ' — 


Table IV — Laboratory-bred Flies Positive Expenments 


Espt 

1 Time, 
dsjrt 

Frobosois 

Proventn 

cuius 

Crop 

Fore 

gut 

Mid 

gut 

Hind 

gut 

Salivary 

glands 

546 

80 




+ 

4 

.+ 

_ 

646 

64 

— 


— 

+ + 

4 4 

4 4 


546 

84 

— 



+ + 

4 t 

4 4 


546 

84 

+ + 

+ + 

+ + 

+ + 

4 4 

4 4 


624 

27 




* 

4 4 

4 4 


524 

56 

Labial 

cavity. 

Hypo 

pharynx 

+ 


+ + 

4 4 


” 

1787 

27 

+ + 

+ + 

+ + 

+ + 

+ •t 

4 4 

4 4 

1 •>. 

1787 

26 

+ 

— 

+ 


+ + 

4 4 

4 1 

1 — 

1787 

80 

+ 

+ + 

+ + 


+ + 

4 4 

+ + 1 

' — 

1868 

17 

+ + 

+ + 

+ + 


+ + 

4 4 

44 

1 

1858 

22 






4 4 

4 , 


1858 

88 

+ 


+ 


+ + 

4 4 

4 4 

1 

1888 

26 

+ + 

+ + 

+ 

.. 

+ + 

4 4 

44 


1858 

20 

+ + 

+ + 

+ 


+ + 

4 4 

4 4 


1860 

17 



+ 


+ 4 

4 4 

4 4 

** 

1860 

10 

+ + 

+ + 

— 


4 4 

4 4 

4 4 

— 

1950 

84 

— 




.» 

4 

-* 


1860 

1 26 

+ + 

+ + 



4 4 

4 4 

4 4 

— 

1880 

1 01 

+ + 

+ + 

+ 

i ** 

4 4 

4 4 

+ + 

« 

1860 

8t 

+ + 

+ + 

+ + 


4 4 

4 4 

4 4 

■■ 


In Experuaents 546 and 624 there was no special examination of the 
hypo^rynz j it is included m the general term '* Proboscis” It was only 

o 2 


u 
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•(ter the inipoitanoe of the hypopharynx became evident that an examini^oa 
e( these separate parts of the proboscis was made 

In Experiment 646 only one infective fly was found In Kxpenmrat 624 
two infected flies were found , m one uf these the development was incom- 
plete, in the other complete In 1737 two flies were infeotive, m 1853 three, 
and m 1950 four In not a single fly was any invasion of the salivary glands 
noted. 

The following Table gives the result of the dissectaon of the infected flies 
in the negative experiments — 


Table V — Laboiatory-bred Flies Negative Experiments 



Tune, 

days 

Froboacid 

PpoTontri- 

CUlUB 

Crop 

Fore- 

gut 

Mid 

gut 

Hind. 

gilt 

1 

^ . ' 

Biilivai^ 

gland* 

Expfc 

Labial 

caritj 

ppo- 

phaiTnx 

»115 

9 




i 

1 

+ 

i 

_ 

8116 

D I 

— 

— 

1 

— 

— 

+ + 

— 

— 

2116 


+ 1 


1 + 

— 

+ 

1 1 

1 + 1 


8116 

11 

i 


1 •• 

j 

+ 

( 

+ 1 

1 + + 

+ , 

* 


In the negative Experiment 1732 all the flies were found to be negative 
, In Exjieriment 2115 four infected flies were found, but in none of these 
had the development reached the hyjiopharynx , none of them were infactive. 

' From a consideration of these tables it will be seen that T. peeorum 
belongs to the same group as T ttmus as regards its development in 
G morsUawL This development takes place at first in the inteirtfoe, then 
passes forward into the labial cavity, and finally invades tiie hypophaiy'nx 
4iid tliere is completed 

Thk Typs op Tbypamobomes Founh nt thb Imfiotrd Fubs 

Plate 2 represents the developmental forms of T. peeorum in Q. mermtaiu. 
In regard to the forms found m the intestine, it may be said that these an 
mdistinguisliable from the developmental forms of other pathogenic tiypaao* 
Bornes, and what was written m regard to T stmue* is equally appUoaUe to 
T peeorum. 

Figs 1 and 2 are forms from the proveDtncula8,and represent the dominant 
intestinal trypanosome forms passing forward to the labiel oavity. 

Figs, 8>8 represent early forms found m the fadnal cavity. These xteie 
eeen adhering singly by their flagella to Um labrum. 

* 'Bey 8oo,P»e&,*B,«i>L87,piaB(l»l4 
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Figs. 9~11 ore the ordinarj forms found clittging thdr flagdkr ends to 
the labrum It will be seen that the;^ have assumed the cnthidial stage, a 
stage which seems to be a nne gitd non m the final stages of the cycle of 
development of all the pathogenic trypanosomes, and the interpretation (rif 
which is still obscure 

Figs, 12-19 are various forms other than " blood forms" which have been 
squeezed out of the proboscis of a living infective fly. Fig 15 appears to be 
encysted. 

Figs 20-29 ai‘e " blood forms '* from the hypopliaiynx of dead infective flies, 
and also fiom living flies induced to salivate on a cover-glass They lepresent 
the final stage in the cycle of development and are the only infective fonna 

Conclusions 

1 That T jjeeturum is capable of passing through a cycle of development in 
O TiwrsiiaTia, the flies becoming infective some 20 days after feeding on an 
infected ammal 

2 That T peeorum belongs to the same group as T amtee, the development 
taking place at flist in the gut and afterwaids passing forward into the 
labial cavity and finally into the hypopbarynx. 

3 That the final sU^ of the development only occurs m the hypopbarynx, 
where the tr]rpanoBomes revert to the “ blood form” and become capable of 
setting up infection if injected under the skin of healthy ammals 

DEaOBIPTtOlf OF PLITE 
(See aleo pp 36 and 37 above ) 

Figs 1 and 8, tiypanoeome fornu from i»'oventticulua 

Figs. 3-8^ early infection of the labrum , the flagellates still retam the trypanosome 
oharootenaticB. 

Figs. 9-11, ordinary mthidial forms found adhering in masses to tho lafarom. 

Figs 18-19, other forms from labial cavity 

Figs 9(HK represent the final stage of the development in the bypopharynx — tii» 
infective or "blood foim." 


Stained Otmnsa x 8000 
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Trypanosomes found in Wild Glossina morsitans and Wild Game 
in the " Fly- Belt ” of the Upper Shiri Valley 

By Suigeon-General Sn David Bruce, CB, FRS, A.MS , Major A £ 
Hamkbton, DSO, and Captain D P Watson, BAM.C , and lisdy 
Bruce, BBC (Scientific (\nniniBsiim of the Boyal Society, Nyasaland, 
1912-U) 

* 

(Received April 7, — Bead Juno 18, 1914 ) 

Introduction 

In June, 1913, one of the members of the Commissiun went to the 
Liwoude district to identifj and isolate the vanous species of trypanosomes 
infecting the " fly ” and wild game in the “ ily-belt " which extends along the 
Upper Shird Biver valley from Lake Pamaloiube to the Murchison cataracts 
This “fly-atea” is, roughly speaking, 100 miles south of Kasu and the 
"Proclaimed Area” It is separated fiom the extensive "fly-area” of the 
plains on the west shore of Lake Nyaaa, of which the “ Proclaimed Area ” 
forms a part, by a range of hills and high plateaux where the “fly” is 
absent, although there is noth mg to pi event trypanosome-infected wild 
animals wandeiitig from one “fly-belt” mto the other 

The valley of the Upper SbiriS is thickly populated, and the “fly-area” is 
crossed by two of the most frequented roads in Nyasaland, the grand trunk 
road running from Zomba to the north and the main road from liwonde to 
Port Johnston Although thickly populated, human trypanosome disease, 
thoi^h probably existing, has not yet been discovered m tins distnot* 
The natives, howevci, can keep no cattle, and their goats and d(igs are 
constantly destroyed by trypanosome diseases, so tliat they have to con-* 
tinually import these animals from the highlands 
Game is very abundant in this district, particularly in the dry seaeon, 
when herds of eland, koodoo, waterbuck, and impala concentrate in the 
vicinity of the nver In the wet season elephant and buffido wandering 
about the country frequently remain for many weeks in the impenetrable 
thickets and swampy “ dambos ” along the nver banks. A oharaotensUc 
feature of the flora of this distnot is the extensive forests of “ sanya" trees, 
open forests of medium-sised trees, devoid of undergrowth, but carpeted 
with short wiry grass. Large herds of impala are always to be found in 
these forests, and tsetse flies are everywhere, being particularly ttummmia 


* Sines this wu wnttsn oasss of trypanoioms d m esa o in man have been tonnd. 
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along the duatj tracks made by the antelope and around the pools where 
they drmk 

Nandumba’s village (14° 40' S lat, 35° 10' E long), on the banks of the 
Shir4 River, was selected as the locality for the camp in which to cany out 
experiments of feediug flies on healthy dogs and goats, monkeys being 
unobtainable. The experiments were earned out betu'een the dates of 
June 19 and July 25, 1913 

Metfioiis Emplotxo 

The method employed in the feeding expenments was the same as 
described m a previous paper in the ‘ Proceedings,’* except that monkeys 
were unobtainable, and tlie dies were fed only twice on each animaL 

All infected animals were subsequently taken to Kasu, the usual pre- 
cautions being taken to prevent le-infection on the way, and the trypano- 
somes found 111 them were compared with the species and strams of 
trypanosomes obtained fiom hmnan beings, various animals, and the flies in 
the Proclaimed Sleeping Sickness Area Special attention and study were 
devoted to tlio coinparisoii of the stram of the trypanosome causing disease 
in man in Nyasaland — TrypoTiomna bruen vel rhodmenaf — from Nandomba’s, 
with strains obtained from human beings, vanous animals, and the tsetse flies 
in the Proclaimed Area 

The followmg Table gives in the first column the date the tsetse flies were 
first fed on the expeiunental animals, the second column the number of flies 
fed, and the signs plus and nanus show the result of feeding the flies on the 
dog and goat * 


Table I. — lufeotivity of Wild Olomna ttwrsUans in the lawonde District 






40 TrypamsomeB found tn Wild G. nw^sitaus ami Wdd Gome, 

It will be seen that the “ fly in the Upper Shini district oames the some 
four species of trypanosomes as those found at Kasu in flies from Uie 
Proclaimed Sleeping Sickness Area T. brucet vel rhAKlmmse^ T pecoruinf 
T muirn, and T capr<s. 

Here, in a senes of seven experiments, all the animals on which the flies 
were fed developed trypanosome disease In six expenments the flies 
infected the dogs with T hrmn %d ^liode^ense , m the second and fifth 
there was a double lufection with T jm-oiiim, and lu the seventh an 
infection with T peconim aloue None of the •goats were infected with 
T brucei Six goats were infected with T pei^ara/ti, one with 7’ mniect and 
hve with T mprfe It will be noticed that the smallest batcli of flies iised^ 
a batch of 73, infected the dog with T hnun, and the goat with T ptronm^ 
T mmxrvy and T capm 


Examination of the Blood of Wild Animals in the Liwondk 

District 

Whenever wild annuals were killed their blood was exonuned for try pauo- 
aomee, which were identified by the microscope in stained hlins of tlie blood 
Ihe following Table gives the results — 

Table 11 


Spe«ien of tr^piinosomes found 


Aiumnl 

— 

— - — 


* ” 



T vel 

rkMlettenne 

T jtie* orum 

T ittmtu. 

T oapTH 

T %ngttnt 



Z«bm 


_ 




Impala 

— 

— 

— 


— 

ir 

ir 


1 

- 

+ 

- 

It 

— 


— 

— 

— 

It 

— 

+ 

— 


1 “ 

Koodoo 

— 

j - 




It 

— 

1 ” 

— 

+ 


'Waterbuok 

— 


— 

— 

— 

It 

— 

+ 

— 

— 

— 

M 

— 

+ 

— 


•* 


1 + 

— 

— 

— 

1 + 

” 

- 

1 


■ * 1 

1 






4 


This Table, even in so small a senes of animals examined, indioi^ that 
T. peeorum, occurs frequently in the wild game, snoh as the impala and 
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waterbttck T hram, vd thoAmewat was found m only one annual out of tlie 
sixteen, T mmot in none, and T eapt m in three 

Conclusions 

] Tlie trypanosomes found in the wild & moraiiana and wild game of the 
Upper Shird “fly-area” are identical with those found 100 miles farther 
north in the Proclaimed Area 

2 The trypanosome causing disease in man in Nyasaland — T bnun vrf 
rhodestenae — is frequently met with, so that it is probable cases of this fonn 
of sleeping sickness will be found among the natives of this district 


The Food of Glossma inorsitaus. 

By Suigeon-Geueral Sir David Brlck, CB, FBS, AMS , Mfgoi A E 
Hauerton, DSO, and Captain 1) P Watson, 11.AMC , and Lady 
Bruce, BBC. (Scientiflc Commission of tlie Boyal Society, Nyasaland, 
1912-14) 

(Koceived April 7, — ^Bead Jiuie 18, l‘)14 ) 

Five hundred flies, freshly caught m the Proclaimed Area, were killed by 
chlorofonn and the gut of each was roughly dissected out, smeaied on a slide, 
fixed by osmic vapour and alcohol, and subsequently stained by Gieinsa The 
flies were all caught m the bush, away from the paths, the fly-boys proceeding 
in Biitgle file and catching the flies with gauze nets as they emded round, or 
settled on the boys or the grass 

The proportion of male flies to females caught was roughly two to one 
But only 30 females weie used in the present expenment, the m^jonty being 
sent to the hreeding-station at Chunzi 

Of the 500 flies examined, 288, oi 57 6 per cent , weie found to contain 
mammalian blood in a recognisable state No measurements were made 
of corpuBolos, which in most cases were much altered by the digestive 
procesSiBs, but the small typo of cell appeared to predominate, such as 
occurs in the hartebeeste, waterbuck, and other antelope. 

In only three cases were nucleated red corpuscles found, and in two of 
these there was only a small proportion of nucleated blood mixed with a 
large anmunt of mammalian. In the third cose the blood was all nucleated. 
Thus, of those flies which contained rew^isable blood, only 1 0 per cent 
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contained nucleated blood. From tneaBurements, it seems highly probable 
that m all three cases the blood was avian, not reptilian Ihe average 
length of corpuscles and nuclei of blood from several different reptiles 
was measured and found to be — corpuscles 15 microns, nucleus 5 9 microns , 
while the blood of several different birds gave as the average— corpuscles 
118 microns, nucleus 4 6 microns In the three cases under consideration 
the average of the coi-pusoles was 10 5, 10 0, and 10*0 microns respectively, 
and that* of the nuclei 4 7, 46, and 44 nuorons Probably the size of 
the nucleus is the better guide than that of the whole corpuscle, as being less 
altered by digestion 

In no case was vegetable matter noted in the intestinal contents 

Trypanosomes weie found m 14 flies — 2 8 per cent — but many of the 
smears Mere so thick and so much obscured by the fat- body and other 
structures of the fly, that i)robably trypanosomes were present in other 
oases 

Of the 30 female flies examined, 13, or 43 3 per cent , contamed mammalian 
blood, and there was nothing to suggest that they differed in their feedmg 
habits from the males 

From experiments with flies in the laboratory, it was found that blood is 
recognisable in stained specimens for two to three days after a feed, but not 
beyond the third day Hence it may be inferred tliat, roughly, half the 
flies examined had fed within, at most, three days of their captui'e, and 
that therefore the flies feed naturally at least once every six days 

Conclxmom 

1 The food of Glomna mormiam consists mainly of mammalian blood 
(99 per cent ), chiefly from spcoies of antelope, and what appeared to be avian 
blood (1 per cent ). 

2 There is no difference in the feeding habits of males and females. 

3, Probably the flies feed once in five or six days 
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Infecitvity of Glossilia morsitans tn Nyasodcmd during 1912 and 

1913. 

By Stirgeon-Geaeral Sir Davih Bruce, OB, FBS, AMS , Major A £ 
Hamerton, U.S 0 , and Captain D P Watson, B A M C , and Lady 
Bruce, B B 0. (Scientific Gotnmisflion of the Boyal Society, Nyasaland, 
1912-14 ) 

(Beceived April 7, — Bead June 18, 1914 ) 

Introduction 

The object of this paper m to attempt to set up a rough standard of the 
proportion of mfected to noii-infected tsetse flies in an ordinary “ fly-aiea ” 
vrhere wild game abounds It is thought that a standard of this kind may 
prove useful in the future 

The flies were collected in the low country lying near the Commission’s 
camp at Kasu, m what is known as the “ Proclaimed " or Sleeping-Sickness 
Area of Nyasaland. This bit of country swarms with Glomna nMisUans 
and wild game, the latter highly infected and well protected 

In 1912 a total of 1975 flies were dissected between the months of 
January and November Of these 129 were found to be infected with 
trypanosomes— 6 53 per cent Males, 86 per cent , females, 14 per cent 

In 1913, 1060 flies were dissected, of which 91 were infected — 
8 58 per cent 

The following Tables give the details • — 


of fly 

Probottoii 

ProTOiitn 

oulus 

Crop 

Table I • 

Inteatim 

-1912 

SnliTary 

gUndi 

Part o£ fly injeoted 

Animal 

injected 

Result 

1 

+ + 

+ + 

+ + 

+ + 





9 

— 

— 

— 

+ 

— 

Inteitme 

Dog 

— 

8 

— 

— 

+ 
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4 

— * 



+ 

— 


doat 


6 
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1 
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6 

— 



+ + 


i» 
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7 
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4- + 
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1 

8 
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1 fkig 

— 

9 

+ + 
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18 
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14 
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Table I — 1912 — eonivnued 
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-- 

— 
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1 * ProTeutn 

Probo. 01 . 1 

Crop 

Intestine 

1 Part ofay iiij<eted 

\ 
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Result 

ao 

( “ 

1 

4 4 





21 

1 

1 

! 
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22 

1 + 

1 

1 

4 
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28 
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+ 
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4 4 , 
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4 
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— 
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Intestine 

Ooat ' 

1 ^ 

62 

4 


4 



Dog 

— 

68 

4 

1 

I 

4 

' ^ { 

^ Proboscis 

11 

ft 


64 


— 

... 

4 
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Intestine 

II 


67 

*. 1 

1 

4 

1 




66 

— 

1 

4 4 

— 

>f 

1 

— 

69 

— 



4 

1 


1 


60 

— i 



4 

1 

It 

It 


61 

4 



— 


II 

It 

— 

62 

4 



4 





68 

— 

4 4 


4 

— 




64 

4 



— 





66 

_ 



4 

1 ^ 




66 

4 



4 

1 - 




67 

4 



— 

1 


t 


66 

1 + * 



— 

1 




69 

4 



4 4 

— 




70 

1 — 

— 


4 4 

— 




71 

4 




1 — 


j 


72 

— 

4 4 


4 4 

1 "* 

Intestine 

— 

73 

4 

4 4 

4 4 

4 4 

— 


1 
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6. moraitans in Nyasalatui dv/ring 1912 and 1913 
Table I. — 1912 — cojUtnued 


Nu of ij 


Fvoboioli 


I Profontn* 
I oulufl 


Crop 




Snlivar^ 

glands 




Ro^ult 


74 




76 



+ 

76 

+ 



77 

+ + 



78 

+ 



79 

+ 



80 

+ 



81 



• 

88 

+ 



83 

+ 



84 


+ + 


86 

... 


— 

86 



+ 

87 

+ 



88 

+ 



89 




90 




91 




98 

+ 



98 




94 

4> 4* 

+ + 

+ + 

96 




96 


+ 


97 

+ + 



98 




99 




too 




101 




108 

+ + 



108 


+ + 


104 


+ + 

+ + 

106 




106 

+ 



107 

+ + 1 

j 


108 

+ + 



109 

1 + 

+ + 


110 

+ + ! 

■ 1 

1 

1 

111 

+ i 


1 ^ 

112 

w 



118 

1 M 



114 

1 w 

+ + 


116 

1 ! 


116 

^ I 

“ 1 

1 

117 

I 


1 

1 

118 

+ 

+ + 

+ + 

119 ; 

1 



180 j 

+ 



m 1 

1 + 



188 


+ + 


188 

+ 

1 + 

184 

+ 


+ + 

186 



186 



mm 

187 

+ 


+ 

188 


+ 


im 


1 1 
1 1 




+ + 
+ + 

+ + 
+ 

+ + 


I 

' Hrobosuv 


+ + I 
+ + I 

1 


+ + 
+ + 


+ + 
+ 
+ 


Monkey | 

I 

I 


I 


I 


+ + 


+ + 

- 

+ + 


+ 

— 

+ 


+ 


+ 

— 

+ + 

— 

4* + 

— 

+ + 

— 

+ + 


+ 4 


+ + 


+ + 

— 

+ + 


+ + 


4 4 


4 4 


4 4 

— 

4 4 


4 


4 

— 

4 4 


4 4 


4 4 




4 4 

— 

4 4 

— 

4 4 

— 

■** **“ 1 


4 


4 4 i 

— 

4 

— 

4 4 

4 4 

4 4 

4 4 


Intestine 

„ and pro 

bosciA 
ProbotoiB 

,, and intes 

line 

Intestme 

n 


Intestine and sail 
▼ary glands 
Intestine 


» 




Intestine 

I* 

SaUvary glands 


If 


Pog 

Goat 

M 

Djg 

II 

II 


and I 


goat 

! - 

Dog 

1 

Goat 

1 *“ 

Rat 

! * 

1 T hrur^i 

II 

1 + 

1 T 6rirre» 



+ 

T Mim%a 
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It will be seen from the above table that 60 attempta to determine the 
infectivity of the flies were made by injecting emulsions of the mfected 
organs into healthy animals In only three oases did the animals become 
infected once with TnjpanoHovxa aimujc and twice with T. bnieet vel 
rhodest&iiae Th(^ usual experiment was to inject the contents of the 
mtestme into dogs or goats, which is known now to be useless, as the 
developmental foiins in tho intestine are not infective Doubtless more 
positive results could be got at present with more knowledge of the laws 
which govern lufectivity. Only in two cases were the sahvary glands found 
to be invaded. This infection, of course, could only be T brtieei vel 
rhndesienaey and this was con finned by injecting the glands into rats 

In 1912 110 attempt was made to diagnose directly the species of trypano- 
somes with which the dies were infected, but in 1913 this was done, as by 
that time a good deal of expeiienoe had been gamed For example, invasion 
of the salivary glands could only be T hruret vrl rhodenmise , invasion of the 
intestine, labial cavity and hypopharynx meant T pecomm or T» mnw, and 
size would distinguish between the two Lastly, if only the labial cavity 
and hypopharynx were seen to contain flagellates, then T lapm was 
indicated, and here also the size and character of the trypanosomes in the 
hypopharynx would assist m the diagnosis 


Table 11—1913 


No of Sy 

Proboflois 

Intcstmc 

Salivary 

glanda 

Speoicfl of 
trypanoioiiie 

Iiftbml cavity. 

Hypopharynx 

1 

+ 


+ 


T pecorum 

2 

+ 


— 


T caprm 

8 

+ 


— 


» 

4 

+ 


— 


tt 

5 

+ 


+ 


T mma 

6 

+ 


— 

— 

T eaprm 

7 




— 


H 

— 


+ 



0 

+ 


+ 


T smta 

10 

+ 


— 


T eaprm 

11 

+ 


-• 


9% 

18 

— 


+ + 

— ■ 


13 

— 


4 

— 


14 



4- ' 



16 



+ + 


T Hm%m 

16 

+ 


+ 


n 

17 

+ 




T 9aprm 

18 

4- 

+ 

+ 

— 

T p$eorm» 

19 

+ 


4- 



20 

+ 


4 



81 


— 

+ + 

+ 

T. iruo0i 

22 



+ 



1 28 

+ 


— 


T caprtB 






G. morsitans in Nyasaland during 1912 and 1913 . 
Table IL — 1913 — eontmued. 

ProboBoiB 


47 


of llj. 


24 

26 

26 

27 

28 


Labial cavit; 


81 


+ 

+ 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


Hjrpopharynx 


+ 

+ 


ItttMtine 


SaliTary 

glands 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


+ 

4 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


+ 

+ 


+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 


SpeolOB of 
trjpanoBonw 


T capra 


T jterorum 

T #imia 


T pecorum 

T 0imtm 

n 

T caprm 


T 


T eaprtt 
T ptvorum 

T capr<t 


T txmim 


I 
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Table II. — 1913— 


No of fly 


Vrobo»n0 


Labial oaTity Hypoplmrynz | 


latestiue 


Salivary Spaoiea of 
glands trypanoMome ) 


S2 , 

+ 

88 

+ 

84 

+ 

86 

— 

86 

+ 

87 

+ 

HB ! 

+ 

88 1 


80 I 

— 

91 I 

— 


+ 

+ 

+ 


+ 

+ 

+ 


} T jjaroMtm 
I T »%mu9 


I 


In 1913 110 injections of the contents of oigans wore made into healthy 
atumala The direct diagnosis of the species of tiypauosomes by examination 
of the fly took the place of inoculation 
From the above table it will be seen that m 1060 flies T huca, vel 
Thodem/tm€ was found once, T peejorwm six limes, T miue 12 times, and 
T capes 14 times It must, however, be confessed that the margin of error 
111 this calculation may be large 


COKOLUMON 

In 1912,6 33 pel cent of the 0 inm^UanB found in the “Proclaimed" 
or Sleepmg-Sickness Area, Nyaaaland, were infected with pathogenic 
trypanosomes , in 1913, 858 per cent 
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Vomous Inchnatiom of the Electrical Axis of the Kwmxm 
Hea^U Part Ia . — The Normal Heart Effects of RespiralionJ^ 
By Augustus D* Wallkh, M.D , ¥ R.S 
(Beceived March 30, — Read May H, 1914) 

(Platss 3-6 ) 

In my first ooconnt of the electrical action of the human heart, f I made no 
allusion to the influence upon the eleotncal pulse of the movements of 
respiration I noticed that influence indeed which is especially well marked 
in my own case (where the heart happens to be of the complete hoiizonlal 
type) but only as distuibing the demonstration, and in some cases 
rendering the direction of the pulse uncertain I noticed m particulai that 
when demonstrating the transverse effect from the two hands, best effects 
were shown by holding my breath in expiration, and that these effects were 
markedly diminished dunng deep inspiration. I imagined at that time that 
the effect was due to a disfavouring of current spread from the heart by 
reason of the distended lung, but was puzzled by the fact that with the axial 
lead (right liaud and left foot) the eleotncal pulse was augmented during 
inspiration instead of diminished as was the case with the transverse lead I 
did not, howevei, follow up the clue afforded by this discrepancy, and it was 
only much later, ttf. after the introduction by Einthoven of the stnng- 
galvanometer and the observations of Einthoven, Emus and Nicolai, Samojloff 
and others, that the meaning of the discrepancy and with it the whole 
mechanism of the respiratory effects became clear The vanations of ampli- 
tude are, if not entirely, almost entirely due to the nse and fall of the 
diaphragm, raising and lowenng the heart os a lever hinged at the aortic end 
" and thus widening and narrowing the ** axial angle ” (By axial angle I mean 
the angle formed with the vertical by the current axis of the heait or line of 
greatest potential difference at nght angles to the equator 00 ) 

In 1889 1 represented this angle as being 46'' to the left (and dS** to the 
right in cases of vtso&nm vuvermB), and drew two senes of curved 

* The method followed was the same as that followed for the obaervations of Fart 1 
A Bodc-llioma galTanometer was used for these observatious, the dofloctious being 
standardised whenever necessary by a millivolt switched into the circuit For the 
eareful oompanson of values in different leads or between the values obtained at different 
times, a standard millivolt deflection wae of course taken, and the pioportional correction 
applied^ if neosuary But in comparisons taken between the two sides of the bod^ the 
Standard deflection was found to be so invariable that it was often omitted, 
t ‘‘‘On ^e Electromotive Changes connected with the Beat of the Mammalian Heart, 
and of the Human Heart m parti^lar,^ ‘Phil Trans.,' B, vpl 60, p 169 (1669) 

IfOU ucxrvut— B. B 
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equipoteatial lines at opposite ends of the heart. To-day I represent the angle 
as 30° to the left (it can range in healthy subjects between 10° to tlie nght 
and 100° to the left), and draw straight equipotential lines, parallel with thie 
equator, at right angles to the current-axis CC (fig 1). To-day os in 1889 
I regard as essential the distinction between “ strong " leads (left superior 



Fia 1 —A typical heart with on oblique electnool axu a as 30* 

00 IS the equator, CC the ourrent-axie Equipotential lines drawn parallel to the 
equator, and at right angles to the current-axis at regular intervals of 1/IOOOOth volt 
a indicates the “ axial angle ’’ formed with the vertical MF by the current-axis OC 

tan a as 8 ^ ^ where K and L are the electromotive values of the Bight and Left 
inferior ventneular spikes * 

ML, and nght inferior BF) and weak ” leads (nglit supenor MB, and left 
inferior LF) (see figs ) The present diagram (fig 1) is drawn so as to exhibit tho 
relative values of potential difibrenoe between the led-off points R, M, L, F, by 
the number of eqmpotential lines which they uiclude. Each units 1 x 
volt. Thus eg in fig 1 it is to be seen that (approxinlately) MBk 16, 
ML as 6 5 , BL ss 4 0 , BF ss 9 0 , LF s 5 0 ten-thousandths of a volt 
At pages 518-9* of the oommumcation to which the present paper belongs 
It 18 stated that a full consideration of the effects of respiraUon upon the 
(amplitude of the) electrocardiogram is a necessary preliminary to the due 
understanding of the physiological and pathological departures frmn the * 
* ‘Boy. Boo. Free.,* B, vtd 86 (1813). 
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Bomal type. The oonaideration of the effects of respiration appeared to me 
at that time as a side-issue to he cleared up by a few carefully planned 
observations, whereas it now presents itself as an extremely simple exercise 
in elementary trigonometry on the main line of the principal argument 
The essential distinction between favourable or strong leails (left superior 
and right infenor) and unfavourable or “ weak” leads (right superior and left 
inferior) which was the principal result of my first mvestigation of the subject, 
afford, when their data are converted into simple ratios, smusoidal curves 
which plotted upon millimetre paper exhibit directly the quantitative relations 
between the electrical effects of the heart, whether honxontal or vertical (as 
descrilted in Part I) or at vanons inclinations in accordance with respiratory 
alterations of the cardiac axis 

The facts will be best presented by a detailed account of two typical cases 

TJie Cusi, B 0 B — An Obltque ffeart. 

Fig 2 (Plate 3) gives the transveise, right infenor and left infenor records 
taken simultaneously with the record of respiration slow and deep so as to 
emphasise the effects upon the heait, which in this subject had been 
determined os having an electneal axis forming an angle not exceeding 30° 
with the vertical during quiet breathing 
The amplitude of the spike lu the hangmge record vanes between a 
maximum of 20 mm in expiration and a minimum of 16 mm in inspiration 
The waxing and waning is very regular and at once suggests a sinusoidal curve 
In the nght vnfenot' record the respuatory variation of amplitude is much 
less pronounced and regular within a range that may be taken as 27 5 nun. 
in expiration and 24 mm m inspiration. 

In the kft tifenor record the variation is regular and large and suggestive 
of a sinusoidal curve The range is measured as between the values s 6 mm 
immediately after the culmination of expiration, and s 14 mm during 
inspiration (In these three records the deflection by 1/1000 volt through 
body and galvanometer was 18 mm.) 

From these values right and left below the heart we calculate that — 


The expiratwy tan « = tv = 1 28, 

J7 0^0 

«as52° 

The inspiratory tan« » 2|~^ as 0 63, 

24”fl4 

a as 28°. 

Diff * 24°, 


In the riffht ulterior record the respiratory variation is small and fairly 
regular between values that may on the average he taken as s 5 mm. in 
exjdration end n 7*6 mm in hispiratioa. 

B 2 
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In the left superior record the venation u large and fairly xegolar between 
values = 26 xnm. in expiration and s 18 mm in inspiration. 

The right and left measurements give for the supenor angle » above the 
heart the following values : — 

In expiration — 


tan^ a: p 


26-5 


In inspiration — 


=M 


tan « s= 


26 + 6 

18~7 6_10'5_n4i 
18+7 6 255 “" ’ 


« s 34° 


«= 22 °. 


Diff = 12° 

From these results we see that in the case of an oblique lieart the effeot of 
inspiration is to weaken the strong leads and to strengthen the weak leads But 
this rule, while affording a useful mnemonic, is applicable only to obhque and 
vertical hearts * The inspiratory diminution of the superior angle has in this 
case come out as 12°, as compared with 24° for the inferior angle. This is as 
might be expected from the fact that the basal attachment of the heart 
cannot be rotated to the same extent os its apical free portion Obviously 
we cannot expect that the angle calculated above the heart from the three 
points M, B, L, should necessarily be identical with that calculated below the 
heart frpm the throe points F, B, L 

(The locords of this case incidentally afford a stnkmg example of the 
variations of pulse>frequency that are associated with the two phases of 
respiration, sometimes in the human subject, always In the dog I have 
diboussed them elsewhere under the title "Dog Pulse ”f Their oomnderation 
does not belong to this portion of the subject ) 

The Com of A, T) W . — A Start of the Horizontal Type 

Fig 3 gives the transverse, right infenor, and left inferior records taken 
simultaneously with a record of respiration, slow and deep so as to emjdiasise 
the effects upon the heart, which m this subject had been determined as 
having an approximately horizontal electrical axis The spikes of the weak 
leads (right supenor and left infenor) are accordingly reversed, as was 
explained in Part I. 

In’ the tiwM/ome records the respiratory variations of the spike are tegular 
and large, between values a 15 mm in expiration and » 10 mm. in inspire* 
tion It may be noticed in this record that inspiratory diminution goes on 

* I speak of hearts as "vsrtioal,” "oblique,” and "boruontal,” aooording as the axial 
angle a is between 0* and 30*, 30* and 60*, 60* and 80* The oentrasted types ate vectieal 
and honsontal , obhque hearts belong to the verttoal type 

t 'Physiol. Soo. Proc.,' June SB, 1913 




WcMer 


Roy Soc. Pr<H:.t vcl. 88 , Phste 8 . 





Waller, 


Roy Soc. Proc., B, vcl 88, Plate 4. 



in thi iiiforiui and l«fl iiif* iioi liwl-* 

in till trnntnrrae lend (u|i|h i liiii) Llic \i lit riLiilai Hpike m ili'itiiit tiv il iluiiiii; iiir<|iiiaii«in 

III the nghf ntftrfor lewl (iiiuldit lim) it lei iiiciiosed iliiiiiig lll^llllutl•tll 

In the left tnfertor lead (loaei line) the ventncular spike is negative, and this ncgatne spike is dimiuibhed during inspiration 
The pul^-freqnency (indicated only in the transverse record) is slightly increased during inspiration 
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into the beginning of expiration, and that the expiratory augmentation goes 
on into the beginning of inspiration Tins lag is probably medianical, the 
pneumograph begins to indicate sooner than the heart begins to be raised and 
lowered. The effects are similar to those seen with the vertioal heart, viz., 
inspiratory diminution, expiratory augmentation. 

In the right xnferwr record the respiratory variations of amplitude are 
regular and relatively large, t « in relation to the absolute magnitude of the 
spike, which in the horizontal heart is small The range is approximately 
between 6 nun, m expiration and 9 mm m inspiration 

The left viferwr record exhibits the negative spike charactenstio of the 
horizontal or soft heart, and with respiration well marked augmentation 
dunng expiration and diminution during inspiration. The values as read on 
this record reach to —13 mm at the end of expiration and to —6 mm. at the 
end of mspiration. 

The angles as calculated from these right- and left-hand values aie ' — 

In expiration — 

, ,, 9 “I" 1 3 . ,| oxo 

tan fli — * * i , — . — •— 11, • flt — , 9o 

9—13 —4 

In inspiration — 

tan « ss 2 „ =0, • « ss 90®. 


The values for the “nght and Iffi mjperm leads of this subject (of which 
tracings are not reproduced here) Were as follows — 



Right tupcnor 

Left luperior 

tana* 

a 


. 

ram 

mm 


0 

In espiTation 

-6-0 

7 6 

6-0 

70 

In innpmliou 

-2 5 

10 0 

1 07 

G9 


Beviewit^ the results of this case of horizontal heart as to the general 
effects of respiration in comparison with the results obtained tor the obhque 
or vertioal heart, it appears that these effects with inspiration are as 
follows • — 



BOB 

Vertioal (and oblique) 

A D W 

Honsontal 

TnuwTf na ipike . 

Boerewe from 20 *0 to 16 *0 mm. 

Decrease from 16 *0 to 10 *0 nun 

Bi At inferior ipike 

„ 1, 27 6 1, 24*0 „ 

Ineteoae „ 0*0 ,i 0*0 „ 

Left II II 

Increase »i 6 *0 „ 14 0 „ 

Dsarease 18*0 „ — 0i) „ 

Right euperior 

„ ,1 6-0 « 76 „ 

I , — 60,* ^2 6 „ 

< 

Decrease „ 20*0 „ 16*0 „ 

Diorease „ 7 6 ,| 10 6 „ 
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There ie at first sight a flagrant discrepancy between the effects of respira* 
tion upon the two types of heart. The only case in which the effect is similar 
in both IB that of the transverse lead The provisional rule framed 
above for the vertical heart — inspiratory uveakening of strong leads and 
strengthening of weak leads — is evidently inapplicable to the horisontal 
heart The coses of the right supenor and left inferior (decreased 
negative spike) are indeed amenable to it, since decreased negative as well 
as increased positive amount to electrical strengthening. But the cases of 
the left supenoi and nght inferior, wheie after soihe uncertainty it became 
clear that a positive spike is increased for the horizontal, decreased for 
the vertical heart, are in apparent contradiction of the rule 

Graphically expressed the angles in the two subjects BOB and A. T). W 
in inspiration and in expiration are as follows * — 



Fio 4 — Thagi'aniM to indicate the value of the axial angle a m iiui|mation and m 
expiration of the Hubjocts BOB and A D W , oalcukted from the electiomotive 
valueM of the i ight and left auperioi spikcR and of the nght and left inferior spikes 



BOB 



A D W 



tau a 

a 


tan 0 . 

a 



0 



o 

Supr insp 4 

18-7 6 10 8 rt 

18+7«“ 26 6 “®*^ 

28 

10 + 2 6 
10-2 6 

7 6 ^ 

69 

Supr exp 

^ .008 
86<»-0 81 

84 

7 6 + 5 

7 6-6 

2 5 { 

79 

Inf u»p 

,84-U .20 _058 

24-«-14 88 

28 

1 

6 + 6 

1 

90 

Inf exp 

2»7-»-«- « -188 

27 6 + 6 38 6 ^ 

1 

62 

j 

22±!? 

9-18 

.,u 

96 


But the general relations between the varying strengths ” of leads in 
different heaits and in different phases of respiration will become most clear 
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from a consideration of the simple trigonometrical ratios of a varying axial 
angle 

TAe tranHverse lead is the simplest to consider, and its simpleBt case is that 
of the horizontal heart in which the axial angle during quiet re^iration is 
In this position, regarding the heart as forming (electrically) a 
horizontal lever, it is evident that with this type of heart the transverse 
electncal effect has its maximum value, and tliat the effect must lie 
diminished by either rise or fall of the diaphragm , the diminution will be 
proportional to the sine of the altered axial angle Taking as unity or 
10 this maximal value with the chest at rest, we shall have the altoxed 
values =: 9 8, 9 4, 8 7, 7 7, 6 4, 5 0, if with fall of the diaphragm the angle 90° 
IS changed to 80°, 70°, 60°, 50°, 40°. 30° 

Thus the theoretical alterations of magnitude in the transverse lead with 
alterations of the axial angle must be in ratio with the nnmeiical values of 
the sines of the altered angle And as the reference curve to which to com- 
pare our observations we have the simple curve of sines — 

0 1736 3420 5000 6428 7660 8660 9397 9848 10000 

at 0° 10° 20° 30° 40° 50° 60° 70° 80° 90° 

The supenm leads, right atul left, come next in order of simplicity The 
former (mouth and right hand), as staled in 1889, is " weak,” being most 
nearly iii accordance of direction with the duection of the equator, the latter 
IS " strong,” being most nearly in accordance of diiection with the direction 
of the ciiiTent-axis The angle EML (fig 1) is taken as being s: 90° In the 
case of the hoii/ontal heart with the axial angle s= 90° it is evident that 
the electncal effects along MU, ML, are equal and opposite, with values 
aa ± EL(cos 45°)* = + 50. With the axial angle altered + 10° by respira- 
tion the effects become — 

Along MR = 100 cos (45°+ 10°) x cos 45° = 40. 
and along ML aa 100cos(45°— 10°)xcos45° = 68 

With a perfectly lertical heart, with an axial angle = 0°, the effects 
are again equal, viz , 100(cos 45°)* s 50 
The theoretical alterations of magnitude of the supenor leads with 
alterations of the axial angle must be in numerical ratio with the cosines 
of the altered angle. We have as the reference curve to which to com- 
pare our observations, a simple sine curve formed by the tabular values 
of cosines multiplied by a constant factor to correct for pro|eotion between 
RL and the two sides MR, MIj— in this case multiplied by cos 45°. Hie 
eleetiomotive values for the supenor leads for values of the axial angle from 
0^ to 90° are thus > 
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Left iupenor 
eoe 46® x coi (46®— a) 

Bagbi luperior 
ooi 46^k ooe {45®<f «) 

0 

0 

6000 

6000 

10 

6793 

4056 

20 

6400 

OflQO 

wVOO 

30 

6620 

1880 

40 

7014 

0616 

46 

7071 

0000 

60 

7014 

-0616 

60 

6629 

^ -1880 

70 

0409 

-2988 

80 

6793 

-4066 

00 

6000 

-5000 


It will be noticed that the right-hand values steadily dimmish as the axial 
angle mcreases from 0° to 90'^ from their maximum of 50 to theur mimmum 
of —50, passing through the value 0 when «i = 45, that the left-hand 
values between « = 0° and a. — 90° inciease from 50 to a maximum of 
71 (7071) at 45° and then decrease again to 50. The nght-hand lead is 
“ weak,” the left-hand lead is " strong.” In the strong lead the first 
ventricular wave Vi is positive in both types of heart— vertical and 
horizontal. It is increased by inspiration in the horizontal heart, decreased 
by inspiration in the vertical heart. 

In the formulce given above, for the calculation of the numerical values of 
light and left superior leads, we have taken the vertical angle at 11 «s 60°, 
so that the semi- vertical angle M/2 s: 45° [and that the formula for 
calculating « from known values of B and L is tan « ss (L— R)/(L + K)]. 
Generalising for any value of M the formulte for the superior leads 
become. — 

\ 

For nght-hand values — cos ^ x cos » 

and for calculation of « from known values of B and L, 

tana « ootM . 

Tkt ngkt a*d left ivfmor leads (nght hand and either foot, left hand 
and either foot) are at first sight somewhat less eunple, but they are 
readily simplified As was shown in my first observatkms of 1889, tiie 
two feet are practically isoelectric, and we may therefore regard as haH ig 
electrically identical the two ri^t infenor leads (udal and ri ght lateral) 
and the two left infenor leads (equatonal and left lateral), two ftet 


For left-hand values — 


cos 




M 
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are thus taken to be represented by a single pomt F The right-band lead 
KF, being most parallel to the normally obliqne current-aziB, u the strong 
lead , the left-hand lead, being least parallel to the cnrrent-axu, is the weak 
lead. 

The general formula; for the inferior leads are — 


For right-hand values — ooeV/2 ^ “ *)» 


For left-hand values — 


cosF/2 

and for calculation of ol from known values of R and L 


tana cot^x 
2 


R-L 

R+L 


In Part I the angle F has been taken os 63^ so that F/2 s 26 5° and 
tan » 2" The values of K and L at different values of a are now — 


For the right side- 
For the left side — 


COB 26 5 ° 
1 


008 26 5“ 

The results come out as follows — 


X 008 (26 6®*— «), 
X 008(26 5°+«) 



Bight infenor 
oo«(S6-fi”-«}/oM86 6” 

Left mfenor 
cos (26 5'’+a)/coi26 5^ 

0 

0 

1000 

1000 

10 

1071 

808 

20 

lUO 

769 

80 

1115 

617 

40 

1080 • 

446 

80 

1024 

261 

00 

932 

68 

70 

811 

-126 

80 

665 

-817 

00 

600 

-600 


Similarly, we may work out the values of the leads which have been 
asnuned above as identical, te right lateral and axial, left lateral and 
equatoria). But it would be tedious and unnecessary to give this in detail, 
suiee, as will presently be seen, the results are most easily and quickly 
dblaitied -by a geometrical model, which gives immediately the results that 
have been considered up to this point. This model is mtended also to 
xedder evident the meaning of the apparent discrepancies between vertical 
and horisontal bssorte as regards the effects of reepixation, and to give 
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geometnoally the theoretical values of the first ventrunilar 8[»ke Vi in all 
leads at all values of the axial angle a 
The quadnlateml figure (fig 5) RMLF,in which CM ss 
so that cot i the vertical angle at M = 1, and cot the vertical angle at F » 2, 
represents at its points the leading'Oif points moutli, hands, and feet. It 
18 pinned by its centiu to the centre of a held ruled in parallel (eqni* 
potential) lines , each diviaiou in this figure represents 1 x 10~* volt, so that 
10 divisions are equivalent to 1 millivolt, lanes at nght angles to the eqni* 
potential lines (not drawn) would represent lines* of force , the arrow CC 
through the centre of the field represents the current>axis, the line 00 at 
right angles to CC represents the equator 
The figure and the held can be rotated in relation to each other round the 
centre C, so that the current-axis CC is placed at any given angle from the 
vertical The figure being weighted so as to remain vertical, the field when 
tilted gives any desired inclination of the current axis, and the points 
11, M, L, F, occupy positions upon the field that indicate directly the potential 
difierenoes between them, ^ <■,, in the different leads Thus, , if the current- 
axis IS inclined 30*^ the values in relation to 0 of the four points B, M, Ii, F, 
will be respectively -f-2 5, + 4 7, — 26 and — 8 6 altove and below zero, and 
the potential differences in the various leads will bo given by the differences 
of level between various pairs of points, as follows — 

Current-axis = 30° with vertical (as in fig 1) 

Mli (nght superior) 48—26 = 18x10“* volt 

ML (left superior) 43+ 25 = 68 „ 

KL (transverse) .. 25 + 26 = 50 „ 

EF (right inferior) 86+25 = 111 „ 

LF (left infenor) i 86— 26 = 61 „ 

MF (longitudinal) . 86 + 43 = 129 „ 

Obviously as regards the two sides of the body, MB and LF are relatively 
" weak ” leads, ML and BF are relatively " strong ” leads Sunilaily the 
potential difference in the several leads can be determmed for any value 
of « by pricking off the positions of the pomts M, B, L, F, and measuring off 
the differences of level between pairs of pomts. It will be realised at once 
that with high values of a the direction of the weak leads is reveraed — 
eff at 80° the nght superior potential difference is seen to be —40 and the 
left inferior potential difference —82. At 90° both weak leads = —50 and 
both the strong leads = +60 

Plotted out upon squared paper the values thus obtained give tiie enrvae 
represented in fig 6, which are obvioudy smusoidal curves, most obviously 



[To faoGp^ 68] 
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Fia C — Cui ven givinj^tlie 
elocti omutive valuen of 
tho Hovoral heat t leadn 
with valueH of the axiaJ 
angle a fi om 0" to 00*’ 
The value of, 0 the 
traiiHveiso lead in- 
creaHeB with im roaKe of 
a , it decieaHeh witli 
inspuatoiy docroaBO of 
a. The value of, eg 
the left infoiior lead 
flcci'eatiOB with mcreaae 
of a and bocomeB nega- 
tive when II iH above 
64“ The negative left 
iiifeiior epike of a 
hoi i^nntal heart ih 
dtmiiiulied by a deep 
inapiratiou and oan 
Bonietnnes be levernod 
to poBitiva The poei- 
tive left mfeiior spike 
of an oblique heart is 
increased by inspiia- 
tiou and can sometimes 
be revei8e<l to negative 
}>y a maximum effort of 
ex]mation See figs 7 
and 9. 
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so for the transverse values, which ciui be diteotiiy read off from a sine 
table , for the other leads the curves can be verified by woricuig otit titelr 
appropnate formulic. b'tg 6 is useful as shomng at a glance the theoretical 
values to which the observed values must apj^oximate m the several leads 
with hearts of various mchnatious, and as regards the present paper aSbeda 
the readiest mode of explanation of the otherwise somewhat perplexing 
effects ,of respiration upon the amplitude of the eleotro-eardiQgnam. Inapim^ 
tion by reason of descent of the diaphragm and elevation of the riba eaaaea 
a clockwise rotation of the electrical axis of the heart, tea dimination of 
the angle « above and below the heart. Beading the appropnate line on 
fig 6 from right to left, « e in the direction of inspiratory decrease of «, we 
see by its rise oi fall whether and how much increase or decrease of the 
ventricular spike is to be anticipated Thus the transverse must be 
decreased with inspiration (or increased with expiration) ; the longitudinal, 
the right superior, and the left lufenor increased And as regards the 
troublesome case of the two strong leads we realise at a glance hew it 
happens that at high values of «, with a “honzontal” axis, we find 
inspiratory increase of the strong leads , whereas at low values of «, m with 
an axis at less than 30° we find inspiratoiy decrease. 

This figure also supplies an explansticm of the following two experiments, 
one or other of which can nearly always be repeated with snoceas upon 
a heart of which the electrical axis happens to be of smtable inclination 

JBjgienmnt 1 — With an approximately honxontal heart the normally 
negative left inferior spike may be abohshad and rendered positive doling 
maximal inspiration An example of this experiment is given in fig 7. 

Mrpenmnt 2.— With an oblique heart (« » 30° Ifi 45°) the normally 
positive left infenor spike may be abolished and rendered negative during 
maximal expiration. An example of this experiment is given m fig. 8. 

[JVbf« — It IB not always easy to decide what are the actnal measurementa 
to be taken for calculation In simple oases, ia, in cases of vertical baait 
where Vt is large and positive on both sides, tiiexe is no diflEtooKy m 
determining these values. Nor is there any serious ambigmty for the csoe> 
of the clearly horizontal heart where Vj is large and at once negative. But 
the not infrequent cases where Vj is doable, composed of a small pooitiva 
followed by a large negative, or of two small positives separated by a negative 
movement, cannot be dealt with with the same degree of certain^. The 
indicator does npt take up a decided position, the ounent axis reaultaat^om 
opposed and nearly balanced forces fluotnates to and fro, and the tinrfotia 
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produces in the mind of the observer a corresponding state of 
indecision as to what value is to be taken for difference of potential dnrmg 
the three to four hundredths of a second of the preeystole while the chemical 
and deotncal changes preparatory to contractiou are proceeding I have 
given much thought to such doubtful cases, and made many attempts to 
synchronise fluctuating records and to calculate the fluotuatmg angle at 
deflnite points during the initial period of systole, but without any satis- 
ftwtory result , the fluctuations have proved to be too rapid to allow of any 
satisfactory establishment of corresponding pomts in tune between different 
records, even when such records have been taken sunultaneonsly I have 
therefore for the present abandoned the attempt, and taken for these 
doubtful cases maximal and minimal values, whether positive or negative, 
and calculated separate values of m . from such values, duly noting, of course, 
their doubtful character. An example in point is given m Part 1 at p 520, 
the case of Dr. E. 

1 have not found it possible to make any satisfactory correcticm for 
asynchronism between the initial and culminatmg points of the transverse 
and lateral spikes, and have taken into formula only the values of the right 
and left lateral (infenor) spikes, of which, acoordmg to my observations, the 
asynchronism is so small as to be negligible ] 


Values of Vi in the several Leads at Different Values of the Axial Angle 
(Taken by direct readings of the model to the nearest uulhiuetre ) 



I. 

TnnSTene. 

iH 

Bight 

inferior 

III 

Lett 

infenor 

IV 

Bight 

eupenor 

V 

Left 

eupenor 

VI 

Longitudiual 

1) 

0 

100 

100 

60-0 

50 

160 

10 

17 

107 

90 

40 6 

58 

148 

so 

84 

111 

77 

80 S) 

04 

141 

80 

50 

111 1 

62 

18 0 

68 

180 

40 

64 

100 1 

46 

6 0 

70 

116 

60 

77 

102 

26 

-60 

70 

06 

60 

87 

08 

7 

-18 0 

68 

76 

70 

94 

61 

-18 

-30-0 

64 

61 

60 

98 

86 

-88 

-40 6 

68 

26 

90 

100 

60 

-50 

-50-0 

60 

0 
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Values of Vj m the Inferior Leads, taking into reokiming a DiffiscwM et 
Potential between the two Feet 



Left infenor 

Right inferior 



1 

Left 

longitudinal 

Right 

longi- 

tudinal 


Left 

lateral 

Equatorial 

0 

0 

100 

100 

100 

100 

160 

160 

OiO , 

10 

91 

89 

106 

108 

149* 

147 

1-7 

20 

79 

76 

109 

118 

148 

189 

8*4 

80 

64 

68 

109 

118 

132 

128 

6*0 

40 

48 

41 

105 

111 

118 

112 

6*4 

60 

80 

22 1 

90 

106 

100 , 

93 

7*7 

60 

11 

2 

89 

98 

70 

71 

8 7 

70 

-8 

-18 

76 

86 

66 I 

47 

9 4 

80 

-27 

-37 

62 

72 

81 

21 

9 8 

90 

-45 

-66 

45 

i 55 : 

1 

i__ ! 

-6 

10 0 


I liave repeated these two expeiiments many times and have rarely failed 
to bring off either the first or the second upon the subjects who have 
submitted themselves to one or other of the two I have failed to effect 
complete reversal in only one or two cases vhere the electrical axis was 
above the horizontal or very nearly vertical 


With a slight modihcation the model given in fig 5 b serves to indicate 

the nature and amount of the slight differ* 
ences observable between the two pairs of 
infeiior leads in consequence of the slight 
differences of potential that are produced at 
the two feet by the systolic spike V| The 
jiotential-differenoe between the two feet in 
what may be termed the inferior transverse 
lead 18 in the same direction as that of the 
hand-to-hand potential-difference, but of 
much lower value The inferior transverse 
ss 1/20 to 1/5 of the (supenor) transverse ; 
as an average for the purpose of oalculatuHi 
it IS taken here as 1/10, and lepresented on 
the fig 5b by the horizontal kne rl 1 cm. 
long across the pomt F 
If now the positions of the two points 
r, I (representing right and left foot), ate 
calculated for values of a from 0” to 90*’— or pricked off on the modd— 
and plotted as before, the curves given m fig 9 are obtained diowmg 



Fig 5b 



Mlectruxd Axis of the Htman Heart. 


63 



Fio 0 — Cuivea con- 
Htructod in a sinular 
iriannei oh thoH« 
j{iveu in fig 6, to 
Bhow tho Blight chfTei- 
euces of the electro- 
motive^ >alno of the 
Bpike V| 111 the in- 
fei lot ti anMvei*8e lead 
and in the tM o right 
inferioi leads (axial 
and 1 ight lateral) and 
in the two left m- 
fenoi leatls (equa- 
tot lal and left lateral) 
Tho nuniliei h along 
the rui ves in this 
fig as m hg 0 express 
1/lOOOOOfchs of a volt, 
cg^ 108 signifies 
000108 volt 
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clearly the theoreUoal values of the differences in the several infanqr 
leads — axial and nght lateral, equatorial and left lateral — ^wMeh in fig, 5 a 
were assumed to be identical under the designations right inferior and lilt 
inferior on the assumption that the two feet mig^t be regarded as isoeleotno * 
By reference to this figure it is easy to satisfy himself what order of error 
can ATise by regarding the two feet as isoelectric, and to understand without 
effort certain minor but otherwise puzzling discrepancies met with m certain 
hearts when the several inferior leads are compared by means of a highly 
sensitive instrument Thus eg it is obvious at a glance that such dis-> 
crepancies become more sensible m ** honzontal than in " vertical " cases, 
and that ep a 64^ heart offers the paradoxical mstauoe of a positive left 
lateral and a negative equatorial spike And the observation which I have 
frequently made without thoroughly understanding it to the effect that on 
equatorial spike is smallei than the left lateral when positive, but the larger 
of the two when negative, is rendered obviously intelligible Likewise that 
mentioned without comment m Part I, p 510, of this paper that the left is 
slightly larger than the right longitudinal spike^f 

The two expenments desenbed above can lie repeated with advantage 
in view of this second diagram model, upon consideration of which 
it will be apjiarent that m repeating Experiment 1 the left lateral is 
slightly more favourable than the equatorial lead, and that m repeating 
Experiment 2 the equatorial is slightly more favourable than the left 
lateral. 

The differences of value between axial and right lateral and between 
equatorial and left lateral arc obviously small, and their absolute measure- 
ment involves a large relative error For instance, in the case of J C. W the 
values come out as follows — 


* In mj first communication (*Phil Tiona/ 1S69, p 191} the two feet are given as 
being isoelectric, although 1 was well aware of the fact that theoretically there should be 
a alight P D between them 

t In that connection, speaking only of the four leads between the mouth and four 
extremities, I used the expression nght and left superior and inferior, whereas for light^ 
and left infenoi I should have used the designations right and left longitudinal, in 
accordance with the terminology of the present paper, where nght and loft mfenpr refer 
to hands and feet The cable given on p. SIO should read accordingly 

Bight superior . 3 (« 000023 volt) 

I-eftsupenor , , . ISS^-O'OOUS „ ) 

Bight longitudinal ... 16G(n0tK)12d „) 

Lrft longitudinal 17 6 (« 0*00135 „ ) 
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Transverse 

Bight lateral . 

i^kXial ... ••t ( ••••■ 

Left lateral 

Equatorial 

Infenor transverse 


0 0020 volt. 
00024 
00028 „ 
00015 „ 
00012 „ 
00002 „ 


PcUlwlogtcal Apj^teatwns 

The various apphcalions of the eleotio-cardiogram to clinical diagnosis of 
heart lesions fall into two chief divisions Class A, m which the 
are certain , Class B, m which they are uncertain Class A is represented by 
the arhythnufe , no mistake is possible e ^ as to alterations of frequen^ and 
rhythm, coupled beats, auncnlo-ventricnlar dissociation Class B includes 
among many otheis the supposed eleotncal signs of nght and left ventricular 
hypertrophy and of partial interruptions of aunculo-ventncular conduction 
It IB as regards Class B that I believe it to be most necessary to pay attention 
to the physical relations of the noimal heart 

The electrical signs that are accepted by clinical authorities as associated 
with nght ventricular hypertrophy as expresseil in clinical language are 
“ small Bj, large Bju,” or, as I prefer to expres^ it, small transverse, large 
left lateral spike These are, as has been ONplamed above, physical evidence 
of on approximately veitical electiical axis The great majority of climvol 
observers agree in stating that this combmatiou of small K, and large It,,, 
18 common m mitral disease, and that it signihes hypertrophy of the nght 
side of the heart I have seen many cases during the last three years that 
are in agreement with this statement, but, on the other liand, 1 have during 
the last 20 years met with still more numerous cases of apparently perfectly 
normal persons that presented this combination, and have only inferred that 
they possessed vertical hearts I have become accustomed to expect to find 
this combination iii infants and in any tall healthy young man accustomed to 
take plenty of open-air exercise Theiefore, without presuming to express any 
opinion as to the olmioal value of this sign of nght ventricular hypertnqiby, 
I do venture to say that in the first instance our leasonmg from the sign should 
he limited to the conclusion that in its presence the electnoal axis of the 
heart must be vertical or directed to the right, and bear m mind that this 
indioatiott is presented by the hearts of many normal persons The diagnosie 
of ri{^t ventiioular hypertrophy has to be established on mdependent olimoal 
pKmnds. 

nie eleotarioal signs that are presented as being significant of left 
>«atii(mlac hypertrophy are, m olimoal language, large B,, small or reversed 
vou Lxxxyu.->B. r 
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or, aa t express it, a large transverse and a small or reversed left lateral 
spike Precisely similar considerations apply to this sign m relation to 
diagnosis as have been just stated as regards the n|^t side of the heart 
1 have seen cases that agree with the climoal statement (but others that do 
not), and I have seen far more numerous cases of normal persons with small 
transverse and negative leit inleiioi spikes, and have inferred therefrom that 
the electrical axis of the heuit was approximately hon/ontal 1 have met 
with this sign at all ages and in all conditions of health, and have become 
accustomed to expect to find it in aummic young women, and in aged persons 
of either sex 1 associate it lu iiiy mind with a soft or Dabby heart muscle, 
but possess no confinnatory pont-morUm evidence of that iiupiession 

The electrical signs that are presented as liemg signihcant of mlemiptiou 
of the right (or left) branch of the aunculu-veutnculur bundle of Kent and 
Uis ooimist essentially in a reversed and piolongt'd itj„ resemblmg a left 
ventricular extra-systole, but occurring in sequence to an auriculat con- 
traction All the cases hitlieito reported which have been confirmed by, 
post-vwrkiH examination ha\e been on the right side, and liave been charac- 
teiised electncally tiitio viiam by a negative left lateral deDection, which 
lias been accepted as an indication of ventricular contraction initiated on the 
left side, i shall not venture to deny the possible accuracy of the chain of 
argument upon which the diagnosis of the interruption depeiuls, hut in 
estimating probabilities I think it should be clearly lealised that a negative 
left lateral defiection is of fiequeut normal occurrence 

In Part I of tins paper it has been shown that the infenot angle « vanes 
within a very wide range (—10° to +100°) with the shape and position of 
the heart A presumably “ soft ” heart, of which the muscle is deficient lu 
tone, IB sessile upon the diaphiagm, and ite electrical axie is approximately 
honzontal 'With " hard " muscle the heart, even dunng diastole, is more 
nearly erect upon the diaphragm, and its axis is more nearly vertical The 
axial angle is decreased by inspiration, increased by expiration; it is 
decreased by muscular exercise, luoreosed by repletion of the stomach I 
think that it u extremely probable that to this senes of statements it may be 
added that, pathologioally, the angle is decreased by engorgement of the 
right side of the heart (as occurs ep. m mitral disease), so that the 
eleotnoal axis may be vertical or aotually directed to Uie right, and increased 

hypertrophy of the left side especially (os occurs m aortic diseaaeX eo 
that the axis may become horizontal But since both these oonditioae, 
s'a axis to the right and axis horizontal, are compatible with a normal state. 
I do t^iink that either a remarkably large left lateral spike or a reversed lelt 
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lateral spike ib to be admitted os affording •pm se proof of the existence of 
right or left hypertrophy or dilatation 

Considering, further, tliat a negative left lateral spike is of frequent 
occurrence m the nonnal as well as in the diseased heart, it cannot be 
admitted as affording per se proof or even evidence of an interruption of the 
right branch of the aunculo-ventncular bundle The facihty with which in 
certain hearts a positive left lateral spike can be rendered negative is such as 
to forbid us fioin admitting a temporary reveisal as an indication of 
temporary interruption of conduction to the right ventricle 

[Note added May 23, 1914 — By courtesy of Dr Part of the National 
Hospital for Diseases of the Heart, I am able to complete the account of the 
cases of A. I) W and of J C W by the reduced skiagrapluc outlines 
(tig 10) of their hearts in the }) 0 Hitions of deep inspiration and expiiation 
The outlines of the heart and diapliragm indicate approximately the anatomical 
alterations corresponding with the electrical alterations given in hgs 7 and 8 
There is, howevei, m these coses no absolute correspondence of axial angles 
to be made out between the anatomical and the electucal estimates The 
skiagrams required the breath to be hold for several seconds m inspiration 
and m expiration respectively In general, the correspondence between the 
anatomical and the electrical axial angle is not very close As a rule the 
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light and left eleotnoal effects of the infantile heait which is mesial may 
be expected to be about equal, while in the senile heart which tends to 
beecane horisontal the left hand mfenor spike is more nsualij negative. 
But oases ooour of apparently normal as well as of diseased hearts 
mitral diseases) where the left inferior is larger than the right mfenor spike 
^implying an eleotnoal axis directed to the r^ht and a reversed transveree 
*tdke), but where the anatomioal axis is distinctly directed to the left. Caees 
tdao oeour of reversed left inferior spike where the electrical axis comes out 

> F 2 
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as greater than t,e. directed upwards to the left, bat where the anatomioal 
axis IS distinctly less than 90°, m directed downwards to the left] 


Corrigenda in Part I, ' Koy Soc Proc ,' B, vol 86 
Fbge 512 In the second line of the footnote tan » t/touid rend tan a «« 

‘ R— Tj H,— Tj 

Page 514 Lost line, tan o « eknuld read tan 0 = 2 

Page 520 The record of the right supeiior load ih placed upside down. The first 
ventricular wave la actually negative ^ 

Pago 525 The numbers 36 and 47 in the last column (15th and 16tb from bottom) 
should be tranapooeci 


On the Relation between the Thymus and ike Generattre Organs 
and the Influence of these Organs upon Growth 

By E T Halnak and E. H A Mabshaia. (With a Note by G UnKY 

Yule) 

(Conunumcated by Prof J. N. Langley, FES Eemved April 4, — 

Head June 18, 1914 } 

Calzolaii was the first to show that in castrated male animals the absolute 
weight of the thymus is larger than that of the same gland m normal 
animals The exjieriments were made upon six rabbits, which were 
castrated when between one and three months old and killed at various 
periods afterwards up to nine months, each rabbit being compared with a 
control Subsequently Henderson earned out a st&tiBtacal investiga^on 
upon the weight of the thymus m cattle, and showed that in these animals 
castration caused a persistent growth and a retarded atrophy of the gland. 
Henderson also records two experiments upon guinea-pigs by Noel Paton, 
and the results of these are confirmatory of the observations upon cattle. 

The possible reciprocal action of the thymus upon the testis was 
investigated by Noel Paton, who removed the former organ from 24 young 
guinea-pigs and killed them when they attamed weights varying from 
116 to 366 grm. These animals were compared with 23 normal guinea-pigB 
kept as controls. The oonolosion reached was that m guinea-pigs bdow 
300 grm (sa, prior to the time when the thymos usually atrophias) 
thymectomy is followed by a more rapid growth of the testen In guinea** 
pigs above 800 grm. Paton found that the difference in wdght of the testes 
in thymnaless and normal animals was not manifeet The figures upon 
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which these conclusions are based are dealt with statistically m an appendix 
to this paper by Mr G Udny Yule. 

Noel Patou's conclusions have been challenged by Sob, who worked upon 
guinea-pigs and upon fowls. The guinea-pigs, except in the case of two 
pairs, were killed when weighing considerably over 300 grm , so that the 
results have no beariug upon Paton’s assertion that in guinea-pigs below 
that weight thymusless animals tend to have larger testes than normal 
individuals In the two pairs killed below 300 grm the testes of the 
operated guinea-pigs were slightly lighter tlian those of the control animals 
In the experiments upon fowls Soh found that in two cases the thymasless 
birds had heavier testes than the controls, but in 11 cases the testes of the 
operated individuals were lighter thw those of the nnoperated Paton, 
however, points out that in certain of these the rate of growth was below 
the normal, and that the small size of the testes might have been due to 
inferior nutrition. Soli found that castration produced hypertrophy of the 
thymus or arrested atrophy in that organ In the unoperated birds the 
average weight of the thymus was 06 grm to each kilogramme of body 
weight, whereas in the capons its weight was 1 16 grm. to each kilogramme 
of body weight. 

Gelhn, Klose and Vogt, Marrassini, and Squadnni have also found that 
castration tends to enlargement of the thymus, or arrests the normal 
involution of the gland. 

As a result of a further senes of expenments, Paton has concluded that 
the thymus and the testis do not act antagonistically to one another, but 
that each organ has a stimulating mfluenoe upon growth, the one organ 
comiienaating for the removal of the other by undergoing hypertrophy. 
Paton found that castration alone without thymectomy had no effect upon 
the growth of young guinea-pigs, neither had thymectomy alone any 
influence upon the rate of growth On the other hand, castration and 
thymectomy performed simultaneously in veiy young guinea-pigs was found 
to check growth. Considered in the light of our expenments to be 
desonbed below we are of opinion that this effect may have been consequent 
upon the doable operation, which very possibly lowered the resistance of 
the anunale towards disease Paton describes further expenments showing 
that in six castrated males and four castrated females the average weight of 
the thymus was greater than in control animals. 

Basob, and also Klose and Vogt, desonbe extirpation of the ^ymns in 
dogs as produoiiig a softemng of the bones or retarding the growth of the 
bony tissues, besid« oaasing other pathological phenomena. Similar changes 
fesultiiig {tom thymectomy are described by Matti Soli also has confirmed 
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these results for rabbits, but failed to confirm them for guinea-pigs, in vhioh 
thymectomy is a simple operation. It is not improbable, therefore, that the 
inhibitory effects of the growth observed by fiasch and otheie were merely 
post-operative, siuoe they only occurred when the operation of thymectomy 
was a severe one 

Grudematsoh states that tadpoles fed upon thymus extract grew to an 
abnormal size and postponed undergoing metauioiphosis. In some cases they 
did not change into frogs at all, but remained as g^ant tadpoles. 

Stotsenburg, working upon the effect of ovariotomy on the growth of 
albmo rats, found that this operation caused an increased rate of growth 
This appeared to be the case nut only afU^r the age of sexual maturity was 
reached, but prior to the attainment of this age, since the removal of the 
ovaries appeared to induce an accelerating efieot forthwith 

Lastly, Miss Hewer in a recent paper states that it is possible to induce 
a hyperthymic condition in rats by feeding those animals upon fresh thymus 
or upon thymus tabloids, and that this condition is accompanied by partial 
or complete stenlity, the spermatogenetic tissue m the testes ceasing to be 
active or even undergoing atrophy It is to be noted that these results are 
directly contrary to Patou's theory of a compensatory mechanism between 
the thymus and the testis 

Eemd of Ejopervm'iUs mth Gmnca-piffs, 

The experiments described below were undertaken to put on a more 
quantitative basis the results obtained by Noel Paton in a previous paper, 
and form, with a few minor differences, a repetition of his work on the 
subject 

In the control thymectomies (pseudo-thymectomies) the thymus glands 
were exposed without being removed, and the neck afterwards sewn up in 
the usual way so as to make the operation resemble as nearly as possible an 
actual thymectomy In the vasectomy experiments a portion of each vas 
deferens was removed, but the vascular supply of the testes was not 
interfered with 

The guinea-pigs were housed in roomy wire cages and given a hberal diet 
of oats, bran, and roots, varied occasionally with green food as ciroumstances 
permitted The normal animals were housed in the aame cages as the 
experimental ones, thus ensunng uniformity of external conditions for both 
sets of animalB With the exception of one expenment all the used 

were males. 

Expenment 1 . Effect qf the Jtemoval of the Te^ upon ths Weight qf the 
Thjftnue wnd the Growth of the In this experiment^ 12 male gutoea^ 
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pigs were used The experiment started on December 20, 1012. On 
February 7 the testes from six guinea-pigs were removed On March 4 the 
thymuses of the entire set were extirpated. The animals were killed <m 
May 9 The number of animals taken was too few to establish any possible 
growth effects due to removal of the thymuses and testes. The animals 
retainmg the testes grew less in the later stages of the experiment, this 
possibly being due to the castration effect on growth observable in all 
castrated adult animals. With regard to the effect on the thymus, small 
though the number of animats is, the evidence is quite clear Moreover, the 
fact that the animals castrated had all attained puberty before castration 
took place shows that the arrested atrophy and subsequent hypertrophy of 
the thymus cannot bo explained by Patou’s theory 


AniiDAl 37^0 

Da}fi after first weighing 

W eight 


0 

49 

74 

140 

of thymus 



Control Animal/ 




grrn 

grin 

grm 

grm 

grm 

1 

237 

366 

476 

580 

0 276 

2 

192 

836 

864 


0 842 

a 

216 

36H 

442 

407 

0 870 

4 

214 

842 

462 

017 

0 887 

5 

202 

8S7 

877 

fiSS 

0 400 

ATange— i 






4 ammaU 

— 


486 

670 


5 „ 

212 

840 

, 420 


0-846 



Operated Animals 


i 

1 

212 

866 

402 

616 

0 480 

a 

240 

400 

470 

682 

0 895 

a 

184 

345 

876 

667 

0 470 

4 

187 

860 

380 

blO 

0 664 

5 

1 

225 

876 

447 

674 

0 680 

AT«r«ge 

209 

867 

416 

1 " 

0 GOB 


Expenment 2 (figs 1, 2, and 8) * Effect of Eemoml of the Tettee on the 
Wetghi qfthe Thymus, <f Bemoval of the Thymus on the Wetyht of the Testes, 
and i^on the Growth of the Animal. — This set contained 10 normal animals, 
7 castrated, and 6 thymeotomised. The animals were operated upon on 
Fbhmaty 24-27, and first collectively weired on March 4. On May 9 the 
experiment termmated 
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Reference to the data below shows that thymeotomy has no effect i^rao 
growth, and that castration has little, if any, effect 
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Expenment 3 (fig 1) Effect of the Bemmal of the Testea on the Weight of 
the Thgmue and the Growth of the Animal — ^This set eontained onginally 
7 castrated and 9 normal animals, but owing to deaths only 4 castrated 
and 6 ii^ormals are recorded The experiment commenced on the day of 
operation, March 17, and finished on June 24 Here castration seems to 
have had a positive effect upon growth, but the number of castrated 
animals (4) indicates the tentative nature of this result As in Expen- 
ments 1 and 2 the effect of castration on the weight of the thymus is well 
marked 


Awpiftl No 

Dajrs «fter fin 

0 

it weighing 

96 

Weight of testei 
+ epididjmea 

Weight of 1 
thymua I 

1 

! 


Control Animals 


1 


grm 

grm 

grm 

grm 

1 

03 

288 

1 226 

0 100 

2 

lOB 

822 

1 286 

0 266 

8 

107 

285 

0 870 

0a76 

4 

165 

420 

8 100 

0 206 

6 

109 

386 

2 164 

0 217 

6 

165 

890 

1 760 

0 276 

ATmgo 

184 1 880 

Castrated Ammals 

1 1 660 1 

0 246 

1 

148 

412 

— 

0 610 

2 

140 

846 

— 

0 462 

8 

111 

878 

— 

0*480 

4 

124 

891 


0 540 


181 

880 

— 

0 606 


Expenment 4 (fig 1) . Effe^ of the BemowU of the Testee on the Weight of 
the ^ynwte and on the Growth of the Animal — To annul the operative 
afllMt the control animals were vaseotomised. The expenment started on 
May 28 and finished on August 1 with 6 vasectonused and 6 castrated 
animals. The evidence in this experiment with regard to growth is con* 
tradiotory to Experiment *3 
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DayB after flrat weighing. 


Animal No 

— - 


Weight of 
thymne. 


0 

36 



VasectomiBed Animals 



grra 

gnn 

gma 

1 

245 

887 

0 488 

2 

2B0 

424 

0 400 

3 

28H 

407 . 

0 600 

4 

178 

282 

0 254 

6 

208 

873 

0 300 

6 

170 

400 

0 898 

ATonige 


360 

1 0 880 


Castrated Animals 


1 

248 

830 

0 578 

2 

280 

405 

0 607 

3 

210 

368 

0 738 

4 

147 

320 

0 546 

5 

167 

386 

0 614 

Avemge 

207 

840 

1 ‘ 

, 0 615 

! 



Pia 1 -^Effect of Cutmtiozi on the Growth of Guinea-pigi. 
curves are fonned from the avemges of the individuals of Expenmente S, 3, and 4 > 
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Experiment 5 (fig 2) Effect of the JUmoval of the Thymus on the Weight 
of the Testes and on the Growth of the Animal — To annul the operative efihct 
the control animals were pseudo-thymectomised. Tlie expenmenl started 
on May^27 and finished on July 8 There were 7 thymectomised animals 
and 6 pseudo-thymectomised in this set The results obtained support the 
oontention that thymectomy has no effect upon growth. 


Animal No 


Weight, 


Weight 
after 42 days 


Weight of testes Weight 
•f epididymes of thymus 


Control Animals 


1 

grm 

210 

! grm 

325 

' grm 

1 1 420 

grm 

0 325 

2 

177 

! 316 

1 1 155 

0 610 

8 

190 

267 1 

1 0 610 

0 815 

4 

151 

238 ‘ 

' 0 470 

0 285 

6 

162 

200 

, 1 012 

0 320 

a 

190 

83K 1 

1 1 880 

0 283 

Avenige 

ISO 

296 I 

1 008 

0 881 


Thymectomised Animals 


j 

2 

227 

.cuo 

807 

V 1 /V 

1 112 

8 

128 

288 

0 318 

4 

158 

267 

0 674 

6 

197 

287 

0 880 

6 

160 

245 

0 627 

7 

187 

1 

1 

680 1 

1 1 863 

Avaiage 

169 ; 

276 

0 701 


Experiment 6 (fig 2) Effect of the Eemoval of Thyttnia on the Weight of 
the Teeiee and on the Growth of the Animal — Nine normal animals and 14 
thymeotomiaed were used in tins set The operations were perf<jrmed 
June 19-26. The experiment started on July 1 and ended on July 25 
The evidence supports Experiment 5 with regard to growth The effect on 
the testes is here in accordance with Noel Paton’s results. 
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AnimAl No. 

Weight, 
July !• 

Weight 
af rer 24 doya 

Weight 
when kiUed 

Wnght 

oftartvi 

Weight 
of thymni 



Control Animals 




griti 

grm 

grm 

grm 

gnn* 

1 

138 

187 

200 

0 820 

0 277 

2 

2X8 

317 

822 

1 260 

0 410 

3 

201 

267 

272 

1 120 

0 822 

4 

151 

246 

262 

0 676 

0 860 

6 

186 

103 

207 

0 820 

0*820 

6 

171 

245 

285. 

0 020 

0 408 

7 

226 

316 

840 

1 126 

0 480 

8 

iro 

268 

307 

0*970 

0 606 

» 

166 

252 

240 

0 0^8 

0 460 

Average 

174 

264 

264 

0 781 

0 892 


Thymectomised Animals 



1 

283 

347 

862 

1 48 


2 

156 

210 

221 

0 464 


8 

288 

858 

880 

1 800 


4 

168 

226 

212 

0 426 


6 

167 

216 

286 

0 680 


6 

201 

260 

246 

0*980 


7 

168 

283 

216 

0 620 


8 

206 

206 

800 

1*170 


0 1 

167 

288 

268 

0*628 


10 

197 

SOI 

810 

1 460 


11 

226 

816 

864 

1*702 


12 

206 

266 

287 

0 886 


13 

152 

230 

266 

0 640 


14 

158 

234 

267 

0 680 


Avemge 

187 

266 

276 

0*949 



1 1 r 
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Experiment 7 (fig 3) * £feet of the StmuUaneous Semoved of the Tettee and 
Thymus on the Orovdh of the Anvmal — ^This experiment was undertaken to 
mvestigate the effect of castration and thymectomy together on growth In 
order to annul the operative effect the controls were vasectomised and 
pseudo-t'hymectomised. The experiment oommenoed with 9 animals^ 
4 operated, 5 controls, on July 16, and with 16 others (8 a side) on July 25> 
Eeference to the protocol will show that this double operation has ne 
effect ujiou the growth of guinea-pigs, a I'esnlt directly contrary to that of 
Noel PatoD 


Set 1 


Animal No 

Weight, 
Julj 16 




Weight after — 




0 

dayi 

37 

days 

76 

i-j- 1 

86 

days 

^101 

days 

126 

days 

160 

days 

177 

day. 




Control Animals 






gnu 

grm 

grm 

grm 

grm 

groi 

grm 

grm 

grm 

1 

180 

210 

806 

343 

888 

857 

437 

642 

007 

2 

178 

202 

270 

200 

206 

292 

828 

438 

460 

8 

186 

216 

800 

872 

870 

402 

442 

648 

682 

4 

192 

220 

801 

840 

840 

847 

897 

489 

609 

5 

106 

139 

287 

286 

286 

817 

888 

455 

1 

485 

ATorage 

168 

197 

283 

320 

819 

1 343 

887 

492 

628 



Operated Animals 





1 1 

186 1 

216 

280 

885 

844 

860 1 

876 

445 1 

472 

a 

195 

221 

285 

831 

820 

845 

887 

474 

602 

8 

160 1 

191 

282 

818 

819 

822 

867 

445 

492 

4 

197 

228 

811 

848 

864 

846 

870 

480 

465 

ATonge 

184 

212 

289 

832 

884 

348 

876 

461 

488 
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Set 2 






Weight after — 












Animal No 

Weight, 









Jiuy 26 

28 

66 

79 

1 92 

lie 

141 

168 




days 

dajs 

day* 

day* 

dayi 

day* 



Control Annuals 






gmi 

grm 

grm 

grm 

• grm 

grm 

gnu 

grm 

1 

165 

278 

! 362 

887 

865 

408 

612 

687 

2 

ISO 

260 

343 

869 

867 

448 

525 

666 

3 

260 

231 

248 

272 

890 

834 

407 

445 

4 

183 

212 

286 

286 

800 

878 

450 

417 

fi 

156 

26S 

356 

868 

370 

450 

684 

674 

6 

120 

221 

276 

287 

312 

858 

377 

867 

7 

220 

321 

306 

393 

394 

452 

622 

678 

8 

166 

250 

330 

880 

340 

410 

478 

476 

Average 

174 i 

253 

330 

320 

1 842 

406 

476 

400 



Operated Animals 




1 

181 

257 

318 

828 

827 

882 

1 428 

400 

2 

190 

286 

346 

868 

882 

487 

480 

662 

^ i 

186 

236 

291 

802 

827 

368 

407 

890 


176 

208 

340 

887 

840 

400 

460 

487 

® i 

156 

270 

377 

ass 

410 

480 I 

637 

570 

6 ! 

173 

260 

2li8 

278 

297 

827 

888 

895 

7 ! 

170 

277 

386 

880 

410 

485 1 

612 

667 

8 

212 

276 

336 

846 

287 

879 , 

1 

423 

470 

Aremge 

174 

264 

338 

388 

347 

8S8 

460 

490 


Experiment 8 (fig 3) Effect of the S%m%iUane<mt Benuml of the Tfttee and 
Thymua on the Oiowth of the Animal —Thsi anunaU m thia expenment were 
treated as in the previous experiment, the operations extending from July 30 
to August 6 The first collective weighing took place on August 22 There 
wore 5 operated and 6 control animals The results obtained in this expert* 
xnent confirm the findings in Experiment 7 
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88 

61 

64 

88 

113 

140 
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days 
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gnu 

gm. 

grm 

arm 

grin 

gnu 

grm 

grm 

1 

208 

809 

340 

397 

496 

498 

677 

690 

2 

286 

374 

390 

422 

484 

672 

637 

647 

8 

278 

82(» 

336 

856 

462 

620 

667 
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4 

167 

146 

180 

282 

319 

400 

466 

465 

6 

183 

1 880 

360 

860 

402 

687 

585 

675 

Average 

221 

29G 

822 

387 

442 

607 

! 

645 



Operated Animals 




1 

243 

> 882 

1 436 

407 

469 

837 

607 

622 

2 

185 

i 176 

177 

238 

284 

354 

860 

860 

a 

23() 

873 

1 406 

436 

487 

1 682 

607 

6(X) 

4 

152 

’ 280 

820 

866 

402 

1 488 

620 

666 

6 

217 

300 

402 

887 

482 

1 628 

606 

1 616 

Avemge 

196 

816 

847 

366 

426 

1 481 

638 

662 
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Expenmeat 9 (fig 4) • Effect ofSemi-Cattratutn on Ike WetgM of ike Th^utr— 
In this set 7 animals were semi-castrated The lesnlts, in so far as these 
related to the thymus weights, were too variable to admit of any importanoe 
being attached to them 


Animal No 

Weight, 
August 13 

Weight after 
61 days 

Weight of 
remaining 
testis 

Weight of 
thymus. 


grm 

gnn 

grm 


1 

117 

810 

0 062 

0 866 

a 

184 

868 

1 214 

0 480 

8 

136 

860 

1*048 

0 880 

4 

117 

868 

1 206 

0 660 

5 

164 

802 

1 312 

0 886 

6 

128 

868 

1 100 

0 646 

7 

1 

148 

366 

1 400 

0 262 

Avenge 

183 

1 862 

— 

1 0*421 

1 
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Expenment 10 : Effects of tit* Removal of the Ovanes on the Weight of the 
Thytuvs — Five females were castrated Angnst 11-14, and compared with 
6 controls Tlie expenment extended from August 11 to October 9 
KeferencO' to the data given will show that castration in the female, as in 
the male, leads to an arrested atrophy and contmued growth of the thymus 
gland 


Animal No 

Weight, 
Augurt 11 

Weight after 
69 days 

Weight of 
thymua 


Control Animals 



grm 

grm 

grm 

1 

162 

384 

0 306 

2 

170 

246 

0 leo 

3 

160 

326 

0 868 

4 

177 

320 

0 280 

6 

168 

866 

0 400 

6 

181 

350 

0 320 

Avetage 

171 

323 

0 309 


Operated Aiiirnnls 


1 

162 

424 

0 806 

2 

160 

826 

0 406 

3 

168 

400 

0 720 

4 

170 

416 

0 780 

6 

146 

841 

0 590 

ATorage 

168 

882 

0 860 


Expenment 11 (fig 6) Jtiffed of Removal of the Thymus on the Weight of the 
Testes and on the (frowth of the Anmal — Nme animals tbymectomisod 
October 21, 9 controls The experiment extended from October 21 to 
November 18, by which time 6 operated animals and 7 normal animals were 
over 300 grm in weight The evidence here confirms the findings of 
Experiments 2, 6 and 6 


foi* hxxttni -*B. 
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Fia, 5 —Effect of Remove] of Thymus on the Weight of the Teitit. 

{Clear oircle^ oontrol animals ; blaok circles, operated animala. Vertical, weight of teetee 
and epididymea m graibmes ; honaontal, weight of animal m gramnw*} 


t%U 
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Ezpenments 12 to 17 Effect of tht SemowU of the Tbymua on the Weight 
of the Testes — In these experiments, the chief intention was to investigate the 
effect of thymectomy on the weight of the testes In order to cut ont the 
enormouil variation in the weight of the testes obtained as the animal 
approaches puberty all animals were killed when they attained the weight of 
about 260 grm 

Beforence to fig. 5, on which the results obtamed from this and other expen- 
ments are plotted, shows that thymectomy does not lead to a compensating 
acceleration m the growth of the testes 


Expenmoni 

A,Qtmala uiiod 

Initial average weight m gnmbiea 

Normaln 

Operated 

Normals 

Operated 

12 

8 

6 

188 

166 

13 
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6 

— 

164 

14 

7 

6 

186 

161 

16 

6 

6 

ISO 

146 

Id 

9 


166 

187 

17 

— 

4 

— 

174 

1 

. 
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Experiment 12 


Initial weight 

Final 

weight 

Weight of 
testes 

Initial 

weight 

Final 

weight 

Weight of 
testes 

Control Animale 


Operated Auimals 

grm 

grm 

grm 

gra 


gra 

187 

277 

0 620 

163 

867 

0'660 

m 

270 

0 720 

207 

268 

0 600 

170 

264 

0 465 

174 

876 

0 706 

176 

264 

0 614 

138 

206 

0 660 

187 

266 

0 466 

162 

266 

0 400 

202 

M7 

O^OOS 

162 

267 

0 666 

200 

267 

0 600 




168 

260 

0 706 




Average 188 

263 

0 606 

166 

868 

0 600 
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Experunent 13. 


Initial weight 


Final weight 


Weight of teatee 


Operated Animals 


arm 

166 

gnn 

260 

grm 

0 480 

170 

277 

0 616 

186 

266 

0 400 

160 

260 * 

0*600 

leo 

1 257 

0 680 


ATetage 164 266 


0 68a 


Experiment 14 


Initial weight 

Final 

Weight of 

Initial 

Final 

Weight of 

weight 

tetitea 

weight 

weight 

testes 

Control 

Animals 


Operated Animals 

gm 

grm 

grm 

gnu 

grm 

grm 

0 640 

137 

261 

0 470 

210 

268 

177 

255 

0 870 

227 

267 

0 668 

240 

262 

0 620 

182 

268 

0 612 

177 

266 

0 385 

172 

256 

0 710 

107 

268 

0 870 

166 

267 

0 668 


262 

0 645 




— 

268 

0'672 




Average — 

266 

0 462 

101 

261 

1 

0 698 


Experiment 15 


Initial weight 

Final 

Weight of 

Initial 

Final 

Weight of 

weight 

testes 

weight 

weight 

testes 

Control Animals 


Operated Animals. 

gnn 

166 

grm 

262 

grm 

0 460 

grm 

155 

grm 

263 

grm 

0 710 

108 

288 

0 660 

107 

268 

0 600 

107 

SS2 

0*670 

210 

256 

0 660 

180 

877 

0 605 

182 

257 

0*520 

166 

261 

0^664 

120 

262 

0 680 

100 

202 

0*890 


Average 180 

201 

0*541 


264 

0*682 
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Experiment 16 


Imtifel weight 

Final 

weight 

Weight of 
tettei 


Final 

weight 

Weight of 

teitei 

Control Animals 


Operated AiumalB 

gnn 

grm 

grm 

gm 

grm 

IF?.- 

laa 

258 

0 890 

182 

267 

0 860 

150 

268 

0 620 

209 

207 

0 976 

129 

264 

0 510 

207 

264 

0 880 

128 

266 

0 7i0 

216 

265 

0 880 

100 

262 

0 520 

107 

266 

0 800 

185 

266 

0 680 

202 

269 

0 607 

219 

278 

0 680 

188 

266 

0 480 

286 

276 

0 740 




216 

27(t 

0 670 




1 

Arenge 160 

268 

0 669 

187 

260 

1 

0*639 


Experiment 17 


Initial weight 


I 

Final weight i 


Weight of teetes 


Operated Animals 


grm 

gm 

grm 

198 

268 

0 603 

172 

262 

0 720 

168 

266 

0 465 


268 

0 bSO 

174 

266 

1 

0 600 


Summary 0/ Gonclimons 

From the evidence given in the above set o( oxpentnents, where, in 
investigating growth effects, the authois were careful to compensate for any 
possible operative effects, are drawn the following conclusions — 

(1) Removal of the thymus in young guinea-pigs docs not affect the 
growth of the animals 

(2) Removal of the testes and epididymes in young guinea-pigs does not 
affect tlie growth of the animals before sexual maturity 

(8) Simultaneous removal of the testes and thymus in young guinea-pigs 
does not affsot the growth of the animals before sexual maturity 

(4) Thymectomy is not followed by hypertrophy of the testes. 

(8) Castration leads to an arrested atrophy and subsequent hypertrophy of 
the thymus gland, as found by other investigators. 
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(6) There is no evidence of the existence of a ccnupensatory mechanism 
between the testes and the thymus. 

The work was carried on at the Field Laboratories, Cambridge. The 
operations were done by F H A Marshall , tiie weighings and the chief 
part of the other work by E T Hainan The expenses were defrayed by 
a grant made by the Board of Agncultnre and Fishenea out of funds placed 
at their disposal by the Development Commission 


Note hy 0 TJdny Yulk 

In view of the disagreement with Prof Paton’s conclusions, Dr Marshall 
asked mo to investigate the probable eirors of some of the compansons made, 
with especial reference to the alleged effect of extirpation of the thymus on 
the growth of the testes 

Tlie problem was nut an easy one A glance at l*rof Paton’s figures, or at 
the corresponding data given by Hainan and Marshall, will show how 
exceedingly variable are the weights of the testes and how much caution 
must consequently be used before basing any conclusion on a small 
difference between the average weights for two groups of some 20 to 
do animals. Considerable differences might be shown even by the averages 
of groups treated in precisely the same way Were the animals adult, the 
" probable error ” of tlie diffeicnoe between any two observed averages — the 
amount which it would lie as likely as not to exceed owing to mere 
fluctuations of sampling — might be readily obtamed in the ordinary way 
But the animals are not adult, the weight of the testes mcreases very 
rapidly with the weight of the animal, and tho weights of the different 
individuals tliemselves vary greatly, so that the two groups of operated and 
controls are not strictly comparable as a whole 

What 1 finally decided to do, therefore, was this ■ To obtain, by known 
methods, equations expressing as closely as possible the relation between 
mean weight of the testes and body-weight, for operated and for normal 
animals, and to see whether the constants in these equations differed More 
than could be expected owing to the chances of samphug alone. As in 
Prof Paton’s data the weight of testes did not seem to be a linear function 
of the body-weight, and it was these data that I first investigated, the 
logarithm of the testes-weight was substituted for the actual value, and 
this seemed to give an approximately hnear relation, judging from the 
diagram (fig 6) The two equations, with (he probable errors of the constante 
which 1 finally obtained from Prof Paton’s data, mdnding all the 28 "Wftl 
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n MW lao 220 21.0 300 340 

Tio 6 — £ffect of Bomoval of the Thymne on the Weight of the Teates (Prof Faton'o 

(lat»X 


(Verticali logaiithtn of the testes-weight in decigranunea , hoiieontal, body -weight in 
grammeH ITnbrakeii line, regreaeion line fur normal aniulak , broken line, regreiwion 
line for operated animala Oleni rirtlea, normal animalR, black tiicles, opeiated 
aniniak ) 


aod 24 thymuslfisa aoimalH, were, i! being the testen-weight in deoigraromes 
and h the body-weight in grammes 

ThymuBless .. logf = (OOO480±OOOO43)J— 04069±0’1065, 
Controls ... . log < = (000503 ±000026) 6- 051 93 ±00608 

If the three normals and four thymusless whose body-weights are over 
300 gra be excluded, the results are — 

Thymusless logf = (000539 ±000061)6 -05097 ±01208, 

Controls . logf = (000601±000030)6-05156±00815 

The probable errors must not be regarded as too precise, since they are 
obtained on the assumption of normal correlation, but they are likely to give 
a fair guide to the possible magnitude of fluctuations That of the ooeffloient 
of the body-weight (the regression of the logarithm of the testes-weight on 
body-weight) is the known value 

06746 . , 

fwhile for the constant term I And the probaUe error 
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where tri and 03 are the standard deviations of Icgf and body-weights 
lespectively, ) is the correlation between them, n is the number of observa* 
tions, and is the mean body-weight Further, it may be noted that there 
18 a high negative correlation between errors m the regression and m the 
constant term It m clear from the probable errors given that no stress can 
lie laid on the differences observed, which he well within the range of 
differeuce» likely to occur owing to fluotnatioiis of sampling alone , equally 
unlikely or more unlikely differences might have occurred, I find, even liad 
Zw/A groups been normal, once in some seven or eight trials. 

Applying the same method to Hainan and Marshall’s data, I find for all the 
6C controls and 70 thymusless aniinnls — 

Thymusless log t = (0 00319±0 00020) fc-0 0384+0 0597, 

Controls , logf = (000367±000015)6-02032±00441 , 

and for the 43 controls and 49 thymusless under 300 grm , 

Thymusless logf = (000210±000069)A+O2195±0t775, 

Controls . logt = (000364 ±0'000.S7) 5 -0 2098 ± 01465. 

The difference between the constant terms in this last case looks large, but 
the probable errors are also very latge, and the difference is less than twice 
its probable enor, viz , 0 2301 Summarising in the same way as before, I 
find differences as improbable as those observed might have anseu owing to 
fluctuations of samphug once in some five or six trials Hainan and Marshall’s 
data, It may be noted, do not iiiolude any animals undoi 200 grm, and few 
undei 250 grm. and give a low correlation between body-weight and log (testes- 
weight) for the rather narrow available range of the non-adults. Within the 
short inuge of body- weight 250-269 grm, there are 22 thymusless and 
17 controls, and it may be desirable to give a simple comparison for these to 
emphasise the magnitude of the probable errors For controls the mo an 
testes-weight is 0 569, with standard deviation 0*101 grm , fur thymudess, 
mean 0 519, with standard deviation 0*103 The difforenoe, 0 060, is therefore 
in the directum indicated by Prof Paton's views, bnt no stress can be laid on 
It, as It 18 only 2 25 times the proliable error of the differance, viz , 0*0222. 

Taking Paton's and Hainan and Marshall’s data as a whole then, it 
seems impossible to regard any effect of extirpation of the thymue on the 
growth of the testes as proved; if there ie any such effect it seems elear 
that it IS small. The data stand m complete contrast with t h ote relatiag 
to the effect of castration on the growth of the thymns Withm the 
limits of body-weight in Hainan and Marshall’s data, there to he 

little relation between weight of thymus and body-weight, so the 
may be ooinpared directly. I find 
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21 castrated animalB— ineaa thymus weighti 0*557 grin, , ad , 0 1104 grin. 

27 controls — mean weight of thymus, 0*S81 gnn. ; 8.d., 0*0785 grm 

The difference is 0*226 gnn,, and is 11 8 tunes the probable error of tlie 
difference, vis , 0*0192 

In the case of Prof. Paton’s data respecting the effect of simultaneous 
removal of the thymus and the testes on the rate of growth, the dififorences 
observed between operated and coi^trol animals seem to point to definite 
causation If his Tables III and IV are pooled together, giving 9 operated 
animals and 12 controls, the difference between the mean gains in weight 
(viz, 92 2 and 1492 grm) is 41 times its probable error For Lot 4 of 
Table V there are only five animals a side, but the results are unusually 
uniform The mean gams in weight are 65 and 120 grm, and the 
diffbrenoe 6 6 times its probable error This result seems in direct conflict 
with Hainan and Marshairs experiments they have pomted out above a 
possible cause for the divergence 

In the preceding, one or two results m probable errors have been given 
without proof I hope to publish the proof elsewhere shortly 
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OuMvatim df Human Tumour Titaue in Vitro. — PtrHmina/ry 
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(Cammnmcated by Sir Bonnld Bobs, K.C.B., F.B.8 BeceiTad Apnl 4, — ^Bead ^ 

May 1 1 , 1914^ 


(Front tho Marcus Beck Laboratoty, Boyal Society of Mediane, Londm ) 

(FbASB 7.] 

On two occasioua the authors have definitely sueceeded in cultivating Iranutn 
tumour tissue %n mtiv. The tissue was obtained at operations performndL hy 
Sir John Bland-Sutton at the Middlesex Hospital, and conveyed m steonle 
Binger’s solution m a thermos fiask to tiie laboratory, where stuall porUons 
were immediately inoculated into the culture medium. 

{&)*Intr(wif»tte Fapdltma of the Ovary (not truly malignant) — ^Tfais tissoe 
was grown in a medium composed of fowl plasma 1 part, Bulger's soluldon 
(ocmtaining 0 5 per cent of glucose) 1 part, and extract of the tnm^% 
Binger’s solution 1 part. On the third day of monbation at 37 5^ CL deflnBlb^ 
buds of new growing tissue appeared. On tiie fifth day tiiese worn moi^ 
distinct and on tho eighth day the amount of growth had increased considerably 
(fig ], Plate 7). This growth consisted of a solid extennon of ^thabid 
oells As the growth increased it caused some hquefsotion of the mediom, 
which was of a gelatinous oonsistenoe, uid m the mom liquefied parte 'IQiie 
new growing cells were scattered (fig. 2), but ae a rule they remained 
contact with each other by meane of long fine protoidasBuc 
(fig. 3) The new actively proliferating cells varied markedly fema the cq^ 
of the original tissue planted in the medrum. (Che former were large eti^ 
amoeboid, with long prooessee which oOmmumcated with each othev, and they 
also contained large highly refractile granules (Die original cells, on the 
other baud, were much smaller , they showed no amoeboid processes, did net 
exhibit amoeboid movement and they oontained few or no refractile gnuiBAM, 
Thu tumour was a very soft one and appeared to contain little or no fifarone 
stroma It was oomposed entirely of epitbehal oells, and it will be noted 
that tiie new growth also oontiated of epithelial oella only. /'V 

(b) CcrefMomafeiw Gkmd from the (secondary to carcmmoa of 
floor of the mouth) — Small pmrtiona of tbta tnmoHir tissue grew moetenq^ne^ 







? ^ Umie in Vibn. 

% / 

I 

'ftiSip' in a atefidair oompoBed of lovl plaama 1 pait+extanuit of «BlR;yiiiiie 
ijUft 1 part. UnUKe the previoae tamonr, thu one was somewliat toiifjb 
tad fibKHUt due to the presence of a conndnaUe amonnt of connectiTe tusne 
and it u jatetesting to note that the new growth m Ais ease oita' 
of both ttamo. 

Jhiter 44 hoote' incubation at 37*5^ C., longlnanohiitg stroma oells appeared 
gfoaring oat from the original tueue. After five days, there appeared 
^mvttal places solid buds composed of epithelial cells, and these ioe re a ood 
V idle da]f b 7 day. 4 represents a microphotograph the hve twtat 
after ahte days' inoabation and shows clearly die onigrowth of strmna dells 
tad also new buds of epidiehal cells of the cancer. Fig 5 shows definitely a 
iefid outgrowth of cancerous epithelial cells after nine days' mcuhatum, and 
fig. 6 shows the marked mcrease of the same portion after 13 days' incubation. 
,€ltovirdi ceased after 16 days As in the case of the papilloma of theovaiy the 
hew growing epithelial cells were again much larger than the iniginaL They 
feta amceboid and were filled with highly refraotUe granules. It is lutwrastixig 
to note that these human tumour tissues were cultivated m a medium eompoaed 
eldefiy of fowl blood plasma, or, in other words, the human tisene proliforated 
ih a huttfoat material obtained entirely from a bird. Thu u oontraiy to what 
Wlia pieviously believed, smoe it was considered that the tissue of a odrtsjis 
Mttaal could only grow in a medium composed of the Uood plasma ^ the 
MtM species of animal 

IhUeir details of tins work, and parallel researdiee <m the cultivation of 
ilM nomal tissues of other animals, will be pubhtiied m the Proceedings of 
the Bojal Sooiety of Medicine. , 


BXPLAKATION OF PLATS. 

h <AD the figarcs rsprsawat uicropltotogmfdw of tibs live growing tfasne.) 

t ^-PsjnllaBu of 0 VM 7 , tmue after eight dayF loenbation Note the outgrowth of 
pSaeusii wwipoewl of epithelial oells. x M duneteie. 
jpt|p l.~>AltaiMr portion of the lame efter nine dnye* incubetion Hie medinni is 
b sawnin g liquefied and tlie new celle are loinewhat scatterod x 90. 
tifg SL-4Ugliir magniflsatwna of the new growing oelk Note the anueboid proto* 
fUssaiio pRMsaMi and the highly reftnetfie granules. x870 
fifip fii fltaenroui lyuphatlo ginnd , tinue after nine days’ inenbatum. Note the beds 
/ ' ef eptthaUal eanoer eelb and also the outgrowth of connoetave tmene etii tnnn 

' ebk 1C80 

A-mnNiher portion of Iho same, after nine days’ incobotion Note the eolld 
^'i! ; e m pw^ sC oplthslinl oaneer cells. xWh 

jltiii 'likBiio potaen after thirfesn days’ laenhatioa. Note tlie narked laerisoe of tho 
' -eeiiprawlhof opUhollaloanMr oiQa x60. 
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Trypanosome Diseases of Domestic Animals in Nyasaland. 
TrypauoBoma caprae (Kleiue) Part III . — Development in 
Glossina morsitans. 

By Surgeou-Genoral Sir David Bruce, CB, FB.S, A.MS. , Mi^or A £ 
Hamertok, DSO, and Captain D P Watsox, IULMO , ai^d Lady 
Bruce, Rll G (Soientihc Commiaaiou of theJEloyal Society, Nyaaaland. 
1912-14) 

(Received April 7, — Read Jnne 18, 1914 ) 

[Platk 8] 

INTHOUUCTIOK 

In a previous paper* the morphology and action on animals of this species 
of trypanosome were described In this is given an account of its develop- 
ment in Glomna mormtans 

Trypanosoma caprat belongs to the T vvoax group, in which the develop- 
ment of the trypanosomes is rostnoted to the proboscis 

The Development or T Caprai m G morsitans 
Six expenments were made with laboratory-bred flies Five were positive 
and one negative 

Table I — Laboratory-bred Fhes 


Date 

Kxpt 

No of 
flies 
used. 

Expenment 
poettire or 
negative 

No ofmfeotad 
flies found. 

No ofdajB 
before flies 
became infective 

Mean 

tempeiatiiM 

101^ 
April 10 


12 

+ 

1 

16 

71*F (281»0) 

Jun* 8 

617 

88 


0 

— , 

e8*F.{W8*0) 

„ 8 

me 

22 

+ 

1 

21 

<W*F (uro) 

1818 
Jw 18 

1777 

1 

86 

+ 

11 

19 

Sf’FCSSWO) 

.. 88 

I76i 

86 

+ 

80 

19 

84*F.(88«*0) 

April 1 

2046 

88 

+ 

18 

20 

84*F (888*0) 


One hundred and seventy laboratoiy-bred flies were used and forty-nz 
infected flies were found — 27 1 per cent The first three expenments were 
earned out at the ordinary temperature of the laboratory , m the last three 
the oages containing the flies were kept in an incubator It is dfffinult to 
underetand the difference in the number of infected flies found. In 
Expenments 444 and 1216 only 8 and 5 per emit, respectively of the flies 
beoame infected, whereas in the last three experiments, an average of more 
than 40 per cent, was found The flies in the second group were kept, it is ' 
* 'Boy Soo. PnM/B,v«L86,p.S78(1818). 
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true» at a temperature similar to that which they Would find in summer m 
the low country, while the first three expenments were done in winter and 
at the ordinary temperature of the laboratory This no doubt would explain 
the difference to some extent Again, goats and sheep infected with 
T caprm are unsatisfactory animals to feed flies oiu One day the try- 
panosomes are present m small numbers in the blood, the next day it may 
be impossible to find any , very seldom are they in any numbers It is 
quite possible, then, that flies may feed on an infected goat or sheep without 
taking in a single trypanosome 

Dctaih of the Six ExpenmenU Five Foaiiioe, Orie Negative 

The following table gives the principal details in carrying out the six 
experiments Laboratory- bred flies were used in alL 


Table IT 


Sxpt. 

Bay of cixpt. 

Protiedure 

Bemarks 


1-i 

12 fliM fed on infected 

Trypanosomes appeared in blood of 



Goat 839 

Oo»4 419 aftar 28 da^t All flies 


5-6 

Starred 

dissected, 1 infected fly found 


7-24 

BVikI on clean Goat 419 

Gbat 389 contained few trypano- 
somes in its blood 

617 

1-4 

38 flxe^ fed on mfected 
Sheep 847 

Trypanosomes nerer appeared in 
blood of Goat 628 All flies dis- 


5 

Starred 

seotdd , all nogatire Sheep 847 


6-68 

Fed on clean Goat 626 

was unsatisfncbry , one day its 




blood contained a few trypano- 
somes, the next day none 

1216 

1-8 

22 flies fed on infected 

Tiypanosomes appeared in blood of 
1210 after 28 days All flies 



Qo»t 079 


4 

Starred 

dissected , 1 infected fly found 


6-29 

Fed on clean Goat 12X9* 

1777 1 

1-6 

, 35 flies fed on infeoted 

Trypanosomes appeared m blood of 

1 


Goat 1746 

Gmt lft)8 after 26 di^s All flics 


6 

Starred 

dissectedj 11 infeoted flie^ found 


7-27 

Fed on clean Goat 1808* 


17M 

1-4 

85 flies fed on infected 

Tiypanosomes appeared in blood of 



Goat 1746 

Cmt 1812 after 26 days All flies 

1 

6 

Starred 

dissected , 20 found infeoted 


6-27 

Fed on blean Goat 1818 


9m 

1 1-6 

88 flies fed on infected 

^ Trypanosomes appeared in blood of 



Goat 1912 

Goat 2102 af Utr 27 days All flies 


6 

Starred. 

dissected , 18 found infected 


1 7-18 

Fed on clean Monkey 




2066 



19-20 

Starred 



21-28 

Fed on elean Goat 2103 



24-25 

Starred 



26-66 

Fed on clean Monkey ) 




2066 
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It would appear from tbe five positive expenmenta that m avenge penod 
of 19 days elapses before the cycle of development of T eaprm is complete 
in G morgdam and the fly becomes infective. 

Ebsult of the DissEcnoH or tub Infbgtbd Fuxb 


Table 111 — Laboratory-bred Fkes Positive Expenmenta. 
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It will be sera from the above table that it woe not until the lost experi- 
ment that the labial oavitj and hypopharynx were exammed separately In 
the previous experiments the presenoe or absence of trypanosomes m ^ 
proboscis as a whole was noted 

In the first two expeiiments, only a single infected fly was fonnd m each. 
In Experiment 1777, 11, and in 1784 as many as 20 were found 

In regard to the number of trypanosomes in the labial cavity, this may 
vary greatly Sometimes the lumen of the tube will be seen to be densely 
crowded , at other times a single colony will be seen For example, m 
Experiment 1777 the first infected fly, dissected on tlie 21st day, is noted to 
have had the lumen of the proboscis swarming with clusters of torpedo- 
shaped flagellates attached to the labrum by their flagellar ends, a few 
swimming free In the seventh infected fly, dissected on the 30th day, only 
three colonies, in the eighth one, and in the nmth two small colonies, are 
noted In the same way the hypopharynx may oontam few , at other times 
it IB seen to be densely packed with swarms of actively moving trypanosomes. 
In unstained specimens the difference m size and shape between the 
trypanosomes in tlie labial cavity and those m the hypopharynx is quite 
manifest 

It may be stated here that, exceptionally, flagellates may be seen m the 
(Dsophagus, or that part of the alimentary tract autenor to the pro- 
ventrioulus Among the 46 flies described above, this was noted twice In 
the first mstance they are reported as bemg very scanty, in the second as 
being active and iii large numbers 

But from Table III the broad fact stands out boldly — ^that m this species 
of trypanosome the development is confined to the labial canty and hypo- 
pharynx, and does not take place in any other part of the fly 

Ths Ttpx of Tkypaitosomes found m thk Infxctku Furs 

No attempt has been made by tlie Commission to study the development 
of T, atpros in 0 morsitant m the earhest stages. This can only be done if 
a large number of laboratory-bred flies are available, and this was not the 
oase at Kasu. 

Plate 8 represents some of the developmental forms found in the labial 
cavity and hypopharynx of infected flies 

Fig. 1 represents a torpedo-shaped organism taken from a single duster 
growing near the bulb on the I9th day after the first mfeoted feed. 

Figs. 2 and 8 are similar shaped flagellates, also from a single group 
growing near the bulb on the 21st day 

Figs. 4-10 are drawn from 24-day flies. 
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Figs. 11-19» 20 days Fig 19 has an encysted appeamtiea. 

Figs. 20-22, 30 days. It will be seen that most of the flagellates found in 
the labial cavity are crithidial in type They are generally ribbon-shaped, 
with well-defined nuclei and micronuclei and free flagella* 

Figs 23-30 are from the hypopharynx and have been obtained, as a rule, 
by causing the fly to salivate on to a cover-glass* They I'epresent the final 
stage in the cycle of development — the reversion to the infective or " blood 
form ” They are smaller than those found in tlie blood of the vertebrate 
host, but resemble them closely in every other way * 

Conclusions 

1. l^rypcmosoma copras is capable of passmg through a cycle of develc^* 
ment in G. vior^ana^ the flies becoming infective some 19 days after feeding 
on an infected animal 

2. l^rypoTmonia eapree belongs to the same group as T vwax and 
T um/armet the development taking place only m the proboscis* 

3. The final stage of the development takes place m the hypopharynx 
where the trypanosomes revert to the original blood form ” and become 
infective 


DESCRIPTION OF PLATE 

FigB. 1-41 — Common type of torpedo-shaped flagellates found attached in small single 
groups or clusters to the labrum, near the bulb, after 19 to 21 days* 

Figs. 4-2S — Various other developmental forms found in the labial cavity in flies 
dissected 24 to 30 days after their first infected feed They are mostly oritluditd in 
type. 

Figs 2;i-30 Blood forms*’ from the hypopharynx These represent the final stage tti 
the cycle of development 


Stained Qiemsa x 2000 
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The causing Disease in Man in Nyasaiand : The 

Livxmde Strain Part I. — Morphology. Part II. — 
hilvty of Animals. 

By Snrgeon-G«neral Sir Batio Bbvoe, C.B, FBS, AMS , Miyor A E. 
Hamerton, D S 0 . and Captain D P Watsok, RA M C , and Lady 
Bnocs, B.B.C (Scientific CommiBaton of the Boyal Society, Nyaaaland, 
1912-14) 

(Beoeived April T, — ^Boad June 25, 1014 ) 
iNTBODOOnOH. 

Thu strain vras obtained in the *' fiy-area ” of the Upper Shird Valley, m 
the Liwonde dutnct, which is sitnated about 100 miles south of the 
*' proclaimed Area *’* At the time it was procured no cases of trypanosome 
disease in man had been imported from this dutnct , lately, a case has been 
discovered at Mpimbi, in the south of the dutnct, about 150 miles south of 
the "Proclaimed*' or Sleeping Sickness Area 

Three dogs infected with the wild Obmum mmsUans strains of thu 
trypanosome were brought to Kasu, and other animals — ^monkeys, dogs and 
rats — were inoculated from them 

For purposes of description, measurement and companson, only trypano- 
somes from rats were used 

1. Morphology of the Littfonde Strain. 

A. Living, Unstained 

All three strains agree in being actively moving flagellates, but with little 
or no translatoiy movement 

B, Fixed and Stained. 

The blood films were fixed, stamed and measured as previously desonbed 
in the ' Prooeeding8.’t 

Before proceeding to describe the three strains in detail, it may be stated 
here that m general appearance, shape, position of nucleus, size of micronucleus, 
contents of cell, and undulating membrane, all three strains were similar, and 
in no way diflbred from the vanous strains of the trypanosome causing 
disease in man in Nyaaaland which have already been desonbed 

* ^Trypaa os oiaas Found m WiM Glouina momttm and Wild Oama m the ‘ Fly-belt* 
of the Upper Shirt Valley,*’ * Boy< Soo. Proo,,’ B, vol 68, pi. 38 (1914). 

4 Bi vol. 81, nt 18 and 17. 
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Sir D. Bruce and others. TrypomumiM 


Mobpholoot of the Liwonoe Stbain 1 
Length — The following table gives the length of this trypanosome as found 
in the white rat — 500 trypanosomes in all 


Table I — ^Measurements of the Length of the Tiypanosome of the Liwonde 

Strain I 
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cmmng Jhsease in Man in Nffcualand. 

Obabt 1 •'^Durre repreaentiug the Diatri button, by Fwroratagsa, in raapoct to Length, of 
000 Individuals of the Liwonde Strain I, taken on Nine consecutive Days from 
Bat S37H 



This curve difl'ers from the ordinary Wild G morntans curve, but is similar 
tolStrains II, IV and V of the Human strain * 

B> eadth — The following table gives the breadth of this trypanosome in the 
mt— 500 trypanosomes in all 


Table II — Measurements of the Breadth of the Trypanosome of the Liwonde 
Strain I, measured across the Widest Part, lucludmg the Undulating 
Membrane. 






Tn microns 


Kz{»ei!iinent 

No, 

Animal 

Number 

meainred 

Average 

breadth 

Maximum 

breadth 

Minimum 

breadth 

8378 

Bat 1 

600 

3 0 

4 60 

1 26 


* 'Boy. Soa Proo.,' B, voL 86, pp 888, »6, and 288 (1813) 
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Sir D. Bruce and others. Trtfffonosome 


Table III — Percentage of Posterior-nuclear Forms found among tiie Short 
and Stumpy Vaneties of the Trypanosome of the Liwonde Strain I 


Date 


1918 


Aug 18 


I* 

II 

II 

»1 


19 

20 
21 
22 


If 

If 

I* 


11 


23 

24 
26 

26 

27 


Expenment 

No 


2376 

2376 

2878 

2878 

2876 

2878 

2878 

2378 

2878 

2878 


Kat 

II 

II 

I 

>1 

M 

I* 

*1 


Peroaiitage among shoii 
and stumpy fonna 


2 

28 

17 

4 

12 

16 

28 

16 

19 

22 


Average 


16 6 


Morphology of ihe Liwonde Strain II 

Length , — The following table gives the length of this trypanosome as found 
in the white rat— 500 trypanoaomes in all — 

Table IV — Measurements of the Length of the Trypanosome of the Liwonde 

Strain IL 




Vo 


Method of 
6zmg 

Method of 
staining. 


In nuoiona 

Bate 

of 

espi! 

Animal 

Arerage 

length 

Maximum 

length 

length 

1918 

Aug 18 

2868 

But 

Oanuo amd 

Gtemaa 

20*8 

81 0 

wo 


18 

2868 



M 

19 0 

28 0 

140 


18 

2363 




20 8 

16 -0 

ISK) 


19 

2863 




19 2 

26 0 

180 


19 

2363 




20 6 

26 0 

17 0 


19 

2368 




19 7 

240 

170 

II 

20 

2808 

II 



20 7 

26 0 

180 


20 

2368 

II 



21 2 

200 

18-0 

It 

20 

2868 



|« 

20 0 

240 

17 0 

•I 

21 

2808 

II 


11 

lit) 

24 0 

Mi) 

*1 

21 

8368 

II 

II 

II 

19 9 

38 0 

180 

ii 

21 

2368 

II 

II 

II 

19 8 

ie<o 

17 0 

II 

22 

2868 

II 

II 

II 

21*9 

270 

IS 0 

II 

22 

2868 

II 

II 

II 

21*9 

260 

160 

It 

22 

2868 

II 

It 1 

ft 

22*6 

27 0 

200 

n 

28 

2868 

II 

>1 i 

t« 

22*6 

880 

18 0 

If 

23 

2368 

II 

ft 

II 

22 9 

34 0 

18 0 

II 

28 

2368 

II 

It 

II 

210 

80 0 

170 

» 

24 

2863 

II 

tl 

II 

20 9 

86*0 

17 0 

11 

24 

2868 

» 

1* 1 

II 

22 2 

810 

16 0 

11 

24 

2868 

II 

1 

tl 

II 

20*1 

81 0 

160 

!• 

25 

2868 

fi 

II 

» 

20 9 

280 

160 

4 '* 

26 

2868 

II ' 

•• 1 

II 

205 

280 

160 

tl 

26 

2863 

II 

11 

II 

20 6 

270 

12 0 

•1 

26 

2863 

11 1 

It 

» 

20 1 

810 

17 0 




1 



197 

860 

12 0 
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coming ZHaecue tn Man %n Nyaaalamd. 

Crabt 3 — Curve repreaenting the Dtstnbution by FeroenUgea, m reepeet to I«ngtli, of 
600 Individuals of the Liwande Strain II, taken on Nine ooneecutive Days, from 
Bat 2363 



Breadth — The following table gives the breadth of this trypanosome in the 
rat — 500 trypanosomes m all — 


Table V. — ^Measurements of the llreadth of the Trypanosome of the lawonde 
Strain II, measured across the Widest Part, including the Undulating 
Membrane. 


Bkpeninent 

JTo 


Number 

meaBured 

In xnicrone 

AfiSniftl 

! 

AveraM 

breadth 

Maximum 

breadth 

Minimum 

breadth 

2368 

Kat 

i 

600 

8*0 

4 75 

1 26 
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Table Yl — Percentage of PoBtenor'nttolear FoitnB found among the Short 


Date 

Kxpenmetit 

No 

Animal 

Percentage among eliort 
and Btnmpy forme 



1918 

Aug 18 

2868 

Bat 

26 1 

» 19 

2868 

.. 


» 20 

2368 



» 21 

2868 


16 i 

22 

2868 


• 12 t 

2» 

2888 

If 

28 

n 24 

2868 

t» 

35 ' 

M 2B 

2868 

U 

87 

» 20 1 

2868 

It 

14 

.. 27 

2868 

tt 

23 

* 

-- 


__ 


ATerage 

21 2 

i 


MoKPUoiiOor OF THB LiwoMOK Stkain III 
Length — The following table gives the length of thu ttypanoaome as found 
in the white rat — 500 trypanosomes in all — 


Table Yll — Measurements of the Length of the Trypanosome of the Liwonde 


Strain III. 




No 



Method of 
etauung 


In nuorone | 

Date 

of 

ezpt 

1 

Animal 

M.e«noii ox 
fixing 

ATorage 

length. 

Maximum 

length 

Minimum 

length. 

1918 

Aug 18 

2870 

Kat 

Oemio acid 

0ieinaa 

22 il 

29 0 

18*0 


16 

2870 

II 

11 

If 

22 1 

20-0 

17 0 


18 

2870 

II 

. 

If 

22 6 

81 0 

18*0 


19 

2870 

II 

1} 

II 

19-7 

24 

18*0 


19 

2370 

ti 



10*8 

28*0 

1B<0 


19 

2870 

II 

It 

II 

19*9 

28-0 

18*0 


20 

2870 

II 


II 

20*9 

26*0 

19 0 


20 

8870 

II 

II 

It 

21*8 

80*0 

18*0 


20 

2870 

II 

II 

11 

22 6 

82 0 

11 *0 


21 

2870 

II 

II 

II 

20 0 

24-0 

17 -0 

II 

21 

8870 

II 

If 

II 

21*0 

28*0 

17*0 

II 

21 

2870 

II 

ti 

II 

20 8 

28*0 

17 D 

II 

22 

2870 

II 

II 1 

11 

19*9 

20-0 

17*0 

II 

22 

2870 

11 

21 

II 

20 1 

26 0 

16*0 

ti 

22 

2870 

It 

ft 

II 

20 6 

29*0 

17*0 

It 

23 

2870 

I* 

II 

** 

287 

80*0 

19*0 

*> 

23 

2870 

It 

II 

II 

28 9 

82 0 

18*0 

I* 

28 

2870 

II 

It 

*1 

28 0 

80*0 

17^ 

It 

24 

2870 

II 

11 

II 

21 7 

88*0 

17*0 

It 

24 

2870 

M 

II 

II 

28*0 

88^ 

18*0 

It 

24 

2870 

M 

If 

If 

22 2 

27*0 

18*0 

It 

26 

2870 

II 

I* 

If 

21 7 

81*0 

18*0 

It 

25 

2870 

II 

II 

II 

21*0 

80 0 

18*0 

»> 

26 

2870 

II 

II 

11 

20*9 

29-0 

17*0 

n 

26 

2870 

1 

n 

If 

19*7 

28 0 

18*0 







21 4 

28'0 

16*0 
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coming DUeate in Man in NyaaaiUmd. 

Chabt 3 — CuTTo representing the Distribution^ by Peroentages, in respect to Lengthy of 
500 Individuals of the Liwonde Strain III, taken on Nine consecutive Daysy fiom 
Bat 2370 




"BSBSiiS"""™"""* 


i 


nil 

nil 

nil 
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Br€adiih.—l!hc following table gives the breadUi of this trypanosome in the 
rat— 500 trypanosomes in all — 


Table VIIL — Measiiremonts of the Breadth of the Trypanosome of the 
Liwonde Strain III, measured across the Widest Part, including the 
Undulating Membrane. 


Expenmeat 

Animal 

Number 

measured. 

Average 

breadth 

In nuoroos 

breath. 

breadth 

3870 

Bat 

500 

8 6 

4*78 

1 as 
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Table IX -~Peroenta||[e of PoBtenor-iiaclear Forma found among the Short 
and Stumpy Vaneties of the Trypanonome of the Liwonde Stram III 


Date 

Bxpenment 

No 

Atumal 

Foroentago among short 
and stumpj foms 

1918 



I 

Aug 18 

2870 

Bat 

4 

„ 10 

2870 


44 

1. 20 

2370 


88 

.. 21 

2370 


. 88 { 

..22 

2879 

f 

22 I 

' .. 28 

2870 

1 

4 1 

1 24 

2878 

K 

® 1 

! .. 26 

2870 

II 

12 

1 .. 26 

2870 


30 

I .. 27 1 

2870 

II 

3,S 

1 

1 

t 

1 

ATeragc 

22 4 1 

1 


OOMPABIBON OF THE LlWOXUE STBAIHS WITH OhE ANOTHER 
Table X — ^Measurements of the Length of the Trypanosome of the Ltwonde 

Strains 


Date 

Experi- 
ment No 

Stmn 

Animal 

Number of 
tz^rpanosomes 
measured 


In mierons 

• 

Average 

length 

Maximum 

lengtli 

Minimum 

length 

1013 

2878 

1 

Rat 



80*0 


1018 


IC 

Bat 



85-0 


1018 

2870 

III 

Rat 



33 0 







21 7 

85*0 

12 0 
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Cbabt 4 Curve representing the Distribution) by Peroenteges, m respect to Length, 
of 1500 individuals of the Ttypanosome of the Lieronde Struna. 



4 » 

Table XI — Measurements of the Breadth of the Trypanosome of the Liwonde 


Strains 


Bate 

£xpon- 
ment No 


Animal 

Number of 


In nuorons 


Strain, 

trypanosomes 

measured 

Average 

breads 

Maumum 

breadth 

Minimum 

breadth 

1918 

2378 

I 

Bat 

600 

8-0 

4 50 

1 25 

1918 

2808 

II 

Bat 

600 

8 0 

4-75 

1 28 

1918 

2870 

1 

III 

Bat 

600 

2 6 

4 75 

1 26 



i 



2 9 

4*76 

1 26 
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Sir D. Bruoe and others. Tr^pawmmt 


Table XII — Percentages of Fostenor-nuclear Forms found among the Short 
and Stumpy Yaneties of the Three liwonde Strains 


Date 

Experiment No 

Strain 

Animal 

Percentage among short 
and stumpy fomi 

1913 

2878 

I 

Bat 

18 8 

19ia 

2363 

II 

II 

21 8 

1018 

2370 

III 

»> 

22 4 

1 Arerage 

19*8 


Comparison of the Liwondk Strain with the Hchan, Wild-gair, and 
W iiJ) Glossina mousitanb Stkainb of the Trypanosome oaubino 
Disease in Man in Nyasalanu 


Table XIII — Average Length of the Trypanosome of the Hnman, Wild- 
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cautiTig Diieoie in Man in Nyatakmd. 


Cbast 5 -^um repreMDtiDg the Diitributnon, hj Peroaotagea, m reapact to Longtht 
of 1500 Individuals of the Trypauoaome of the lawonde Strain^ 50U0 of the Wild* 
game and Wild Olo^nna morsitans oombinedi and 5500 of the Human Strain, all 
measured from Rats 



/uMmiAr 

Came Sf hftid <t mnrAUt*n4 


Table XIY. — Average Breadth of the Trypanosome of the Human, Wild- 
game, Wild Olomna morntam, and Liwonde Strains 


Btmin 

Humber of 
trypanoiomee 
meaiured. 

Animal 

Arerage 

breadth 

In miorons. 

Maximum 

breadth 

Mmimum 

breadth 

Human 

1600 

Bat 

2 6 

6 0 

1 26 

Wild^Mune 

1600 

99 

8 2 

6 76 

1 60 

Wild G morntoiM 

1600 

pf 

2*9 

6 26 

I 26 

Lnronda 

1500 

$9 

2-9 

d 75 

1 25 


! 


2 9 

S 75 

1*25 


TOIh LXZXTia.— B. 


K 
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Table XY — Feroentages of PoBtenor-nuolear Forma found among the Short 
and Stumpy Yanetiee of the Trypanosome of the Human, Wild-game, 
Wild Oloss^m moiSfitans, and Liwonde Strains 


Date 

Strain 

Animal 

Percentage among efaort 
and stumpy forms 

1012 

Human 

Hat 

17 S 

1912 

Wild-oame ' 

1) 

26 2 

1012 

W iH ft W rtit*anf 

,1 

12 6 

1 1018 

J iwoi He 

1 

1 ” 

• 10 8 

Avemge 

1 10 1 


II. Anirnals mscepiihle to the Trypanosome of the Liwonde Strain^ 

The following tables give the incubation and duration of the disease m 
goats, monkeys, dogs, guinea-pigs, and white rats, which were sub-iuoculated 
with Strains I, II, and III from dogs infected in the Liwonde district* — 


Liwonde Strmn I 
Table I 


Date 

No of 
expt 

Souroe of virus 

Penod of 
incubation, 
in days 

Durataon 
of disease, 
in days * 

Bemarks 

1918 
Aug. 18 

2382 

Monkey 8840 

Qoat 

6 

62 

Died of Strain 1 

IS 

2888 

8840 

6 

44 

>1 «i 

Ang 7 

2880 

Dog 8888 I 

Monke} 

4 1 

U 

27 

Died of Strain I 

7 

2880 

„ 8888 1 


72 

» » 

Jiilj 16 

2822 

Wild fliee . 

Dog 

6 

28 

DiedofStiwnl 

Aug 18 

2880 

Monkey 8840 

6 

46 

>8 *> 

IS 

2881 

.. 8840 

6 

46 

l» » 

Aug 18 

1 2884 1 

I Monkey 8840 I 

Qmneft*]^ 

IS 1 78 1 

Died of Strain I 

IS 

1 2886 1 

1 „ 8840 J 

88 1 

114 1 

>9 V 

Aug. 18 

2878 

Monkey 8840 

Bat 

6 

85 

Died of Stmitt 1. 

18 

2879 

,, 8840 

6 

44 

f* It 


* ]>unti<m inolndet tlw dayt ol iaoabaUon H d«tei from of liiooiilaUoiu 
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eaunng Disease tn Man in NyascUand. 

Liwonde Straw IL 


Table II 


Date 

No of 
ez|>t 

1 

Source of Tiruo 

Venod of 
incubation, 
in days 

Duration 
of diMuee, 
in days * 

Bemarka 

1918 

Aug 12 1 

2860 

1 

Monksy 2836 ! 

Ooat 

6 

89 

DiedofStnlnU 

18 i 

2367 

, „ 2886 t 

9 

41 


Aug 0 1 

2835 I 

1 Dog 2828 1 

Monkey 

1 


Died of Strain II 

.. e 1 

1 2826 I 

1 „ 2828 1 

i 5 1 

1 « 1 

1 i» II 

Julj 6 

8353 

Wild fliee 

Dog 

3 


Killed July 28 

„ 28 

2828 

Dog 2863 

9 

17 

Died of Bfarun 11 

Aug 12 

8804 

Mookey 2886 

6 

23 

II II 

„ 12 

2366 

g, 2886 

6 

27 

II II 

Aug 12 

1 2868 

1 Monkey 2386 

Gmnoa-pig 

1 40 1 94 1 

1 Died of Strain 11 

» 12 j 

1 2869 

1 „ 2886 

1 — 

1 - 1 

1 Never ihowed trypanoaomeB 

Aug 12 

2891 

Monkey 2880 

Bat 

6 

22 

1 Died of Strain II 

18 

2863 

,, 2886 

6 

21 

1 

i II M 

1 


Ltmnde Straw III 

Table III 


Date 

No of 
ezpt 

Source of virua 

Period of 
inonbation, 
in daya 

1 Duration 
of diBeaae, 
in daya* 

Bemarka 

1918 
Aug 12 

2874 

Monkey 2888 

Ooat 

6 

10 

Died of Strain III 

» u 

2876 

„ 2888 

9 

12 

U 11 

Aug 6 

2887 

Dog 2221 

Monkej 

6 

7 

82 

Died of Strain III 

8 

2888 

„ 2821 

6 

88 

II II 

July 9 

2866 

Wild diea 

Dog 

1 4 


1 Killed July 28 

» SB 

2821 

Dog 2866 

1 9 

16 

Died of BMtt III 

Aug. 12 

2872 

Monkey 2888 

6 

89 

•1 II 

» 11 

2878 

„ 2836 

6 

12 

11 II 

Aug 12 1 

1 2876 

Monkey 2888 j 

Gmnea-pg. 

20 1 89 1 

Diedof Btndnlll 

« 11 1 

! 2877 

I. 8888 1 

78 i 

98 

•> » 

Aug It 

2870 

Monkey 2888 

Bat 

6 

20 

Died of Stoiin m. 

It 

2871 

g, 2888 

6 

17 

n n 


* Suntipii IsolndM the dajn of umlwtion | it datt* tnm Saj ot inoeuIttioB 


K 2 
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Sir D. Bruoe and others Trypcmoaome 


Diaease Set JJj) vn Various Animals hy iJie Trypanosome of the Lmoonde Strain 

The lufecbton set up in the varmus animals by the Liwonde strain gave 
rise to symptoms and appearances during life, and patholc^cal dtanges m the 
various organs after death, alike and similar in every way to those oansed by 
the Human strain, Wild-game strain, and the Wild 0 moisitans strain of 
T, hrucei vel rhodesiense found in the “ Proclaimed Area ” 

COMPABISON OP THE THREE LlWONDE STRAUIS DJ REGARl) TO THEIR 

Virulence towards Various Animals 

Table IV — The Average Duration, m Days, of the Disease in various 

Animals 


i3tram 

Goat 

Muukey 

Dog 

Guinea pig 

White rat 

I 

48 

49 

88 

96 

89 

II 

40 

87 

22 


21 

III 

11 

86 

22 

66 

18 


Ho recoveries took place among the experimental animals 


Table V — The Average Duration of Life, in Days, of vanous Animals infected 

with the lawonde Strain 



Goat 

Monkey 

Dog 

Guinea-pig, 

White xmt* 

Aremge dnntion, in daji 
Nmnm of aninialH employed 

88 

41 

28 

64 

26 

6 

6 

9 

6 

6 


Comparison of the Liwonde Strain with the Human Strain 


Table VI, — The Average Duration of Life, m Days, of various Animala 
infected with the Human and the Liwonde Strains The letter B stands 
for “ refractory " 



Strain. 

Ox 

Goat and 
sheep 

Baboon 

Monkey 

Dog 

Babbit. 

Guinea- 

pig 

WUto 

Mt 

ATenga dura- 
tion, in days 


184 

42 

B 

28 

84 

26 

67 

80 

ATerage dura- 
tion, m days 

H 


88 


41 

28 


84 

26 


















causing Disease in Man xn Nyasaland. 


Ill 


CONUIiVBlONS. 

1 The thiee wild G vwrsUans afcrains from the Liwonde district resemble 
each othei closely, and all belong to the same species of trypanosome 

2 Tile Liwonde strain belongs to the same species as that occurring in 
man, wild game, and wild G riiorsttaas inhabiting the “Frodauiied Area,” 
Nyasaland — T ln“ucet vel rfiodrsiensc 

3. Hence it would appear that wild &. mornlam occurring in a district 
100 miles south of the “ Proclaimed Area ** are infected with the trypanosome 
which causes the human trypanosome disease of Nyasaland 


The Trypanosome causing 2)^sease in Man in Nyasaland The 
Naturally Infected Dog Strain Part I. — Morphology. 

By Surgeon-General Sir David Buucb, CB, FRS, AMS , Miyor A E 
Hamkrton, DSC), and CJaptam 1) P Wa'ISON, RAMC , and Lady 
Bbuck, KBC (Scientific Commission of the Koyal Society, Nyasaland, 
1912-14) 

(Received April 7, — Bead June 26, 1914) 

[pCATWJ 9-11 ] 

Introduction 

This strain differs so much from tlie others that it is doubtful if it should 
be included among the vaiious strains already descnbed, Human,* Wild- 
game,! Wild Olomna momtans^ Msimba,§ etc It has only been found on 
three occasions and, curiously enough, each time in a native dog 

The three dogs suffering from trypanosome disease were brought up to 
Kasu from the " Proclaimed Area,” where they had probably been naturally 
infected by the wild 0 morsUans, hence the name “ The Naturally Infected 
Bog Straia” 

All the infected dogs coming from this area did not show this strain , for 
example, Dog 653 was infected with a t^pemosome resemblmg the ordinary 
Human strain 

* ‘ Boy Soo. Proo.,’ B, voL 66, p. 433 (1018X and voi 86, p 886 (1013). 
t IM, B, voL 86, p. 384 (1813> 

} Buf , fi, voL 86, p. 408 (1813) 

8 IMt B, vol 87, p. so (1813). 
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Sir D. Bruoe and others* Trypanosome 

If this Naturally Infected Dog strain had been found in the blood of the 
wild game and in the wild Q inore/dam, then it would have been legitimate 
to make a new species of it But it would be unjustifiablo to make a new 
Bpemes of a strain which, up to the present, has only been found in three 
chronically infected dogs The Commission have therefore decided to 
consider this strain as belonging to the species described as the Trypanosome 
causing Disease in Man in Nyasaland — Trypariosoma Imien vel rhodesitrm — 
and not as a new species If this is correct, then*"it is curious how much 
a Bpeoxes can vary in disease-pioducmg ])Ower lor example, it will be 
shown that this Naturally Infected Dog strain is almost harmless to 
monkeys and guiuea-pigs, wheieas the parent species kills these animals 
without fail Not only does it differ in virulence, but even its morphology 
IB apparently somewhat changed There is a comparative absence of the 
blunt-ended postenor-nucleated fonns, which are sometimes so marked 
a feature in the parent species Not that they are altogether absent, but 
they are not so prominent, do not stnke the eye so readily* It will 
therefore be interesting to describe this stram as fully and completely as 
*poB8ible 
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SfOBFHOLOOY OF THE NaTHRALLY InFECTKD DoO StaAIK STRAIN L DOG 48 

Table I — Measurements of the Length of the Trypanosome of NaturaUj 
Infected Dog. Stram L Dog 48_ 


Date 

No 

0* 

efxpt 

Animal 

Method'of 

fixing 

Method of 
Btainmg 

Average 

length 

In nueroua 

Maximum 

length 

Minimum 

length 

1012 








Fab 

17 

191 

Ox 

Oamio aeid 

Oiemea 

26 6 

81-0 

16 0 


22 

100 

Sheep 


II 

28 4 

30 0 

21*0 

Jan 

20 

48 

Dog 


ir 

28 6 

20 0 

10 0 


24 

48 




24 2 

81 0 

16*0 

Fab 

1 

48 




26 7 

86-0 

16 0 


16 

140 




240 

30 0 

17 0 


19 

180 




29 8 

88 0 

26*0 


19 

lao 




82 *8 

86 0 

26 0 


22 

69 




80 1 

88 0 

26*0 


2B 

161 



11 

28 6 

82*0 

28-0 


2S 

210 




22 S 

83*0 

19*0 


29 

210 




20 1 

88*0 

18-0 

April 

15 

817 



>1 

20 1 

81 0 

18 0 , 


19 

817 



II 

28 2 

81*0 

19*0 


22 

931 


„ 

,1 

22-6 

31 0 

16*0 


6 

880 

Rabbit 


II 

22 9 

29*0 

16*0 


16 

889 




20-0 

20-0 

X8-0 


15 

800 

1* 



22 8 

85-0 

15*0 


16 

880 




24 8 

80 0 

17*0 

Feb 

18 

67 

Rat 



21 4 

28 0 

18 0 


18 

67 




20-0 

31*0 

17*0 


IS 

67 




22 8 

81*0 

18*0 


16 

67 




19 S 

80 0 

17*0 


16 

189 


If 


< 24 0 

80*0 

18 0 


15 

190 

[I 

II 

11 

23 8 

39*0 

17*0 


19 

189 


II 

M 

' 28 6 

85*0 

21 0 


22 

190 


II 

II I 

1 28*0 

84 0 { 

18*0 


26 

67 


II 

II 

1 28 2 

38 0 

1H*0 


20 

67 


II 

If 1 

i 20 0 j 

31 0 

16*0 

Mar 

11 

67 

f 1 

If 

II 

1 20 7 1 

80*0 

16 0 

April 

8 

812 

II 

f» 

I. ! 

! 26 8 j 

82 0 

18-0 


6 

812 


f» 

II 

1 21 7 1 

32 0 

18 0 


8 

891 

II 

II 

I. 1 

1 20 3 1 

30 0 

lb 0 


8 

392 


II 

II 

1 248 

32 0 

16 0 


8 

892 

If 

II 

fi 

26 8 

82*0 

17*0 


a 

892 

If 

>1 

11 

26 6 

82 0 

16 0 

A^d 

11 

811 

1 

It 

1 

Ff 

If 

20 6 

85 0 

19 0 


11 

812 


It 

It 

' 25 4 

82 0 

16 0 


12 

811 

II 

1 

|| 

it 

20 8 

31 0 

16 0 

IF 


812 

II 

11 

II 

28 0 

36 0 

19*0 

11 

12 

391 

II 

If 

ii 

27 6 

32 0 

19*0 

11 


80S 

If 

If 

If 

24 8 

30 0 

18 0 

11 

18 

811 


II 

1* 

21 0 

82 0 

18 0 

|l 


812 

If 

It 

fi 

! 21 7 

88 0 

19*0 

II 

18 

391 

t| 

If 

if 

20 8 

36 0 

19*0 

If 

18 ; 

892 

If 

If 

ff 

23 7 

86 0 

18 *0 

II 

14 1 

407 

If 4 

If 

II 

23 0 

88 0 

16*0 

II 

15 I 

812 


If 

ft 

22 1 

83 0 

18 0 

II 

16 

801 

|| 

If 

ji 

26*0 

33*0 

19 0 

>1 

16 

892 

ft 

II 

11 

21 8 

86 0 

19 0 

•1 

16 

818 



It 

21 8 

82*0 

17 0 

If 

16 

891 


>1 

11 

10 7 

28 0 

17*0 


! 

[ ■ ’ 

1 

1 


24*2 

86 0 

15^ 
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Table II — Measurements of the Length of 600 Specimens of the Trjrpano- 
some of Naturally Infected Dog, Strain I, Dog 48, taken on nine 
consecutive days, from Bat 1218, after passage through rats for seven 
months 




No 


Method of 
fixing 



In mierone 

Bate 

of 

expt 

Animal 

Met nod of 
etaining 

Arerage 

kmgtli 

Maximum 

length 

Minimum 

length 

teis 

Sent 6 

1218 

Kat 

Osmto aeid 

Uieinia 

26 8 

81 0 

17-0 


6 

1218 



It 

27 3 

83-0 

19-0 


6 

1218 



It 

25 1 

81-0 

18 0 


6 

1218 



It 

23-0 

31 0 

10-0 


6 

1218 



II 

21 7 

32 0 

16 0 


6 

1218 



It 

23 7 

31 0 

18 0 


7 

1218 


It 

It 

28 4 

80-0 

21 0 


7 

1218 



ti 

26-0 

80 0 

20-0 


7 

1218 



tt 

25 2 

81-0 

18 0 


8 

1218 

>t 


fi 

26 2 

82 0 

21-0 


8 

1218 

II 

It 

It j 

25 3 

81-0 

18-0 


8 

1218 

If 

1, 

II 

28*0 

80 0 

19 0 


9 

1218 

II 

11 

>1 

28 1 

82-0 

24 0 


e 

1218 

1 , 

II 

II 

27 8 

32-0 

21-0 


9 

1218 

II 

II 

II 

27*0 

31-0 

21-0 

%% 

10 

1218 

M 

1 

1 II 

»i 

22 6 

81 0 

17-0 

10 

1218 

It 

' !• 

tf 

20 8 

80-0 

16 0 


10 

1218 

»l 

19 

It 

22-9 

82 0 

18 0 


11 

1218 

II / 

II 

II 

21 2 

29*0 

18-0 


11 

1218 

It 

II 

It 

20-4 

28 *0 

17-0 

tf 

11 

1216 

It 

1 

19 

20 9 

26 -0 

18-0 

n 

12 

1218 

ft 

II 

ft 

28*0 

88-0 

18-0 

t$ 

12 

1218 

II 

It 

V 

20 1 

28 0 

17-0 

(, 

12 

1218 

It 

If 

It 

28 2 

82 0 

16-0 

>1 

18 

1218 

tt 

! 

>1 

21 9 

29-0 

19-0 







24 1 

88 0 

16-0 
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Table III — Measuremeuts of the Length of 600 SpecitnenB of the Trypano- 
some of Naturally Infected Dog, Strain I, Dog 48, taken on nine 
consecutive days from Hat 2471, after passage through rats for two 


years. Series of 46 animals 


: 


Ko 


Method of 
fixing 

Method of 
etaimng 


Tn miorone 

1 Date 

1 

1 

of 

expt 

Animal 

Average 

length 

Maximum 
length ' 

Minimum 

length. 

1 

1918 

Deo 20 

2471 

Bat 

Oaidic ooid 

Giemiia 

20 6 

34 0 

22-0 

I* 

26 

2471 

» * 


II 

28 6 

82*0 

26 0 


26 

2471 




29 1 

33 0 

26*0 


27 

2471 




28 4 

8L*0 

20 0 


27 

2471 




20 0 

si-o 

26-0 


27 

2471 




28 0 

8*3-0 

10*0 


28 

2471 

I, 


„ 

80 8 

85*0 

20 0 


28 

2471 




SI 0 

35 0 

27*0 

I* 

28 

2471 

II 

ti 

i> 

20 8 

86*0 

22*0 

1014 

Jan 1 

2471 

II 

ti 1 

II 

28 7 

82*0 

24« 


1 

2471 

If 

II 

1} 

28 7 

31*0 

26*0 


1 

2471 

II 

ii 

II 

27 8 

80*0 

10*0 


8 

2471 

II 

tr 

II 

20'^ 

38-0 

28 0 

II 

3 

2471 

It 

ii 

II 

30 4 

84 0 

25 0 

11 

3 

2471 

II 

tt 

It 

30 4 

84*0 

26*0 

>• 

4 

2171 

It 

II 

II 

26 8 

83-0 

20-0 


4 

2471 

]i 

II 

ti 

27 6 

82*0 

10*0 

11 

4 

2471 

ji 

II 

II 

27-0 

32*0 

10*0 

fi 

6 

2471 

t> 

ft 

It 

, 28 2 

38 0 

20*0 

ti 

6 

2471 

It 

ti 

II 

26'6 

82 0 

18*0 

$f 

6 

2471 

It 

JI 

It 

1 27 8 

88 0 

19*0 

tp 

6 

2471 

II 

II 

It 

27 0 

82*0 

10*0 


6 

2471 

It 

II 

II 

28 0 

88*0 

24*0 


6 

2471 

II 

ij 

It 

28 7 

88*0 

20*0 

1* 

7 

2471 

II 

n 

II 

26 0 

32 0 

19*0 







28 *6 

86*0 

18*0 


The average length of the trypanosome of Naturally Infected Dog, Strain I, 
Dog 48, taken from Tables I, II, and III, is as follows * — 


Table IV — Average Length of the Trypanoeorao of Naturally Infected Dog, 


Strain I, Dog 48 


SpeoiM «f uumal 

Number of 
tiTpauoaomet 
meaiured 

Average length 

tn mieione 

Maximum 

length 

Minimum 

length 

Os 

so 

£5 6 

81*0 

16*0 

OhMp 

90 

26*4 

80*0 

91*0 

t>Of . , . 

960 1 

1 26 2 

86*0 

16*0 

BabUt 

90 

28 9 

86 0 

16*0 

tut 

600 1 

28 7 

86*0 

16*0 
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Table Y — Avenge Length of the Trypanoaome of Natnxally Infected Dog, 


Strain I, Dog 48, after passage through rats for seven numths. 



Numbor of 

In mioroni 

&peeie» of Biuxnal 

trjpanoBomes 

measured 

Arerage length 

Maiimum 

length 

Minimuitt 

length 

Rftt 1 

600 


83 0 

10-0 


Table VI — Average Length of the Trypanosome of Naturally Infected Dog, 
Stram I, Dog 48, after passage through rats for two years. Series of 
46 aiumals 



Kumber of 

In miorona 

SpeciM of animal 

irTpanoBomoa 

measured 

Average length 

Maxunum 

leugih 

Minimum 

length 

Bat 

1 600 

26 6 

36 0 

18*0 


Cb4KT 1 — Curve representing the Ihstribution, by PeroenUgea, in respect to Lengtii, of 
1040 Individuals of the Tryijanosotne of Naturally Infected Dog, Straw I, Dog 48, 
taken at landom ftom various animals 
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This carve is made up of measurements from 20 specimens of trypano- 
somes taken from the ox, 20 from the sheep, 260 from the dog, 80 from the 
rabbit, and 660 from the rat 

Chart S — Oarv« representing the Distribution, bj Percentsges, in respect to Length, of 
660 Individuals of the Trypanosome of Naturally Infected Dog, Strain 1, Dog 48, 
taken at random from several rate 



This IB the curve of a markedly dimorphic type, and may be compared 
with the Wild-game strain 1,* or with the Wild 0 inorettanB strains IT 
and Y.t The above curve shows the stram as it appeared m the rat in 
February, 1912, when it was first obtained The next curve shows the same 
strain as it appeared m the rat in September, 1912, after it had passed for 
seven months through a senes of eight rats 


* • Boy Soc Proo B, voL 87, p. 896 (1918) 
+ IMi, B, vol, 87, pp. 416 and 417 (1913). 
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Cbaat 3 — Curve repreBeuting the Distribution, hy Ferceutogee, in teepect to Lengtfai of 
500 Individuals nf the Trypanosctme of Naturally Infooted Dog, Strain I, Dog 43, 
taken on nine lonsecutive days fiom Itat 1218, aftei passing through a serios of 
eight rats 



This curve still shows a maikedly dimorphio type, but tiie proportion of 
the long forms is increasing, 

The next curve shows the same strain at the h^pnning of 1914 , after 
passing for two years through a series of 46 rats. 


ca/uaing Disease in Man in Nyasaland. 119 

Csuxe 4 — Curve represeating the Distribution, by Percentages, in respect to Length, of 
500 Individuals of the Trypanosome of Natuially Infected l>og, Strain I, Dog 48, 
tfldcen on nine consecutive days from Bat 2471, after passage through rats foi two 
years 



The Curve is now pmctically monomorphic The short and stumpy and 
the inteixnediato forme have almost disappeared, and only the long and 
slender survive. But, it may be objected, perliaps this curve from Bat 2471 
IS a mere accident due to some peculiarity in the rat , it is possible that if 
another rat is inoculated from it the curve vnll be found to be as dimorphic 
in type os that of Bat 1218 on Chart 3 That this is not so will be seen 
by the following chart, which represents the gradual change in type which 
takes place in this trypanosome by passage through rats The first rat, 67, 
was inoculated from the original dog ; the second rat, 312, was moculated 
from Bat 67 , Bat 407 Arom Bat 312, and so on through a senes of 20 rats 
The unbroken hue represents the peroentage of the long and slender forms, 
the broken line the short and stumpy For example. Bat 67 has 30 per 
cent, long and slender and 70 per cent, short and stumpy In Bat 670 the 
long and short forms are almost equally divided , Bat 786, 82 per cent, long 
and 18 per cent, diort. The peroenti^ of the long and slender gradually 
inonasss until at the bnd of 17 passages it teaches 100 per cent., so that 
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from a dimorphic type with 70 per cent abort forms the type gradually 
ohanges into a monomorphic type which has lost almost all the short forms 
and nothing but the long remain 

This seems to show how fallacious it is to reason from laboratory types of 
trypanosomes to the wild natural types, and probably oecounts for the showers 
of new species whicli are constantly falhng about our ears. 

Chart 6 Curves representing the Gradual Change of this Trypanosome from a 
Dimorphic Type to a Monomorphic. 



•MM* A filtndtf Jbrma 

mmm^ jSAifrt A ^rm4 


Br«adi1w---Th» follo^ving table gives the breadth of Strain I, Dog 48 .*— • 
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Table VII — Measuroments of the Breadth of the Trypanoeome of Katoially 


Infected Dog, Strain I, Dog 48. 


Pate 

i 

Bxpanment 

No 

Animal 

Number of 
tiypanoiomes 
measured. 

AreraM 

breadth 

In microns 

Maximum 

breadth 

Mimmum 

breadth 

191S 

1218 

Bat 

600 

2 90 

6*00 

1 26 


Table VIII — Percentage of Posterior-nnclear Forms found among the Short 
and Stumpy Varieties of the Trypanosome of Naturally Infected Dog, 
Strain I, D og 48. _ 


Experiment AnimAJ Pereentftge among short 
No and stumpy forms 


1012 

Apnl 22 

407 

Bat 

8 

» 26 

407 


2 

.1 22 

407 


1 

May 2 

407 

If 

4 

u 6 

407 


8 

.. 2 

407 

It 

8 

.. 18 

4<)7 

»j 

6 

.1 16 

407 


6 

II 20 

407 

** 

4 

II 28 

407 

If 

28 

,1 27 

407 

1* 

16 


Average 7 0 


Table IX, — Percentage of Fostenor-nuclear Forms found among the Short 
and Stumpy Vaneties of the Trypanosome of Naturally Infected Dog, 
Strain I, Dog 48, after passage through rats for seven montha 


Bate 

Sxpenment 

No 


Percentage among short 
and stumpy forms 

1912. 

Sept. 6 

1218 

Bat 

6 

>1 0 

1218 

M 

8 

» t 

1218 

tl 

4 

,, s 

1218 

•1 

0 

1. 8 

1218 

II 

0 

„ 10 

1218 

M 

0 

„ 11 

1218 

II 

0 

•• » 

1218 

11 

0 

» 1> 

1218 

II 

1 

» 14 

1218 

II 

0 


Average . 

1 2 
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After passage through rats for two years the short and stumpy fCrms have 
nearly all disappeared, and with them the postenor-mieleated forms. In 
Kat 407, on Table YIII, there are a fair nnmlier of posterior-nucleated 
trypanosomes, on one day as many as 23 per cent , but this is exoeptionaL 


MorphoIiOot of thk Kaiukallv Infeczm) 1)og Sthain Stbaiw II Dog 690 

Table X — Measurements of the I^ength of the Trypanosome of Naturally 
Infected Dog, Strain II, Dog 690 
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CuBar 0,— >Curva repreMatm;; the Dutribation, Fereentagee, in reepect to Length, of 
600 IndmdoaLi uf the Trypanoeome of Naturally Infected Dog, Strain II, Dog 600, 
taken on nine consecutive days from Bat Oil 



The curve of Strain II, Dog 690, is also eminently dimorphic, so much so 
that the presence of two species might be suspected, one with a maximum 
of 18 microns and the other with a maximum of 28 microns. If such were 
the case it could be argued tliat m Chart 3 of Strain I the long species had 
driven out the short But it will be shown later that this is probably not 
so that the difference is merely due to dimorphism and not to the mixture 
of two species of trypanosomes 

Breadth —The following table gives the breadth of Stiam II, Dog 690 — 


Table XI. — Measurements of the Breadth of the Trypanosome of Naturally 
infected Dog, Strain IT, Dog 690 


D»te 

Kxpenment 

No 

Animal 

1 

Number of 
trypanosoinM 
measured 

In microns 

j 

AToraffo { Maximum 
breadtn | breadth 

Minimum 

breadth 

m2 

Oil 

Bat 

500 

2 70 j 4 76 

1 25 


TOL. ucxxvni.-*B 
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In regard to postenor<nuclear forms in this strain, time are ptaotiealty 
none. 

MOSPHOLOGT or THE NATURALLY InFBCTKO DOO STKAIK STBAW III 

Dog 2083. 


Table XII — Measurements of the Length of the Trypanosome of Naturally 
Infected Dog, Strain III, Dog 2033 



Ko 


I 


In mioroiuL 





a/ 




Dftte 

of 

Animal 

mavuoa oz 
fixing 

axavnoci oi 
itaming 

ATeraae 

loiigfcn. 

1 

BCaunuim 

Kmtmum 

1 


! 

lengili ‘ 

length 

1018 






1 

April 10 

9037 

Kat 

O^mio acid 

Giemn 

29 a 

84-0 

24 0 

„ 10 

9087 

ti ii 

II 

29*9 

86-0 

26*0 1 

„ 10 

2087 

1 

It ft 

If 

90 2 

86*0 

24-0 

11 

2087 

ft ' *1 

tt 

29*1 

28-0 

26-0 

.. 11 

2087 

1 

f* ft 

If 

29*6 

28-0 

26*0 1 

.. 11 

2087 

fi f> 

I* 

29*6 

88*0 

24*0 1 

„ 18 

2087 

II t * 

tl 

29-7 

86*0 

26 0 1 

„ 18 

2087 

ff It 

Ir 

28-2 

88*0 

26*0 1 

18 

2037 

ft 1 8« 

tl 

29*6 I 

88*0 

26 0 ' 

. w 

2087 

It ^ It 

II * 

27*8 

84*0 

240 


2037 

It tt 

tt 

29 7 1 

87 0 

26 0 

.. u 

2087 

II M 

tl 

27 8 

88*0 

22 0 

.. 16 

2087 

>1 It 

tl 

28 1 

32*0 

26 0 

, IS 

8087 

II ft 

fi 

28-6 

32*0 

240 

„ 18 

2087 

II f* 

ft 

27 6 

81*0 

250 

,, w 

2087 

» ft 

ft 

27 9 

880 

240 

1 .. 16 

9087 

*1 { I* 

If 

28 1 

88*0 , 

240 

.. 16 

8087 

11 1 II 

It 

27 5 

82*0 ' 

28 0 

1 17 

8087 

II 

ft 

tl 

26*6 

81*0 

21 O 

17 

«n7 

tl 

•1 

t« 

26 1 

38*0 ' 

200 

17 

2087 1 

tl 

tl 

fl 

26*1 

29 0 

280 

„ 18 

8087 1 

It 

fi 

ft 

27-6 

82 0 1 

240 

1 ti 18 1 

1 2087 

II 

SI 

fl 

26 6 

86*0 

260 


' 8087 

If 

ft 

! *» 

28 a 

24*0 

250 

81 

8087 

tl 

tl 

1 >» 

27-9 

81-0 

220 
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€hu,ia 7. — OttTTV rapmantuig the Diitribation, by Beroentageii in reapeot to Length , of 
AOO Individunie of the IVypuioaome of NetonUy-Inftoted Dog, Stmn m, 
Dog 8083, taken on nine ooneeeutiTe dnya from Bat 8087< 



Thu ourve was taken from a rat which was inoonlated directly from the 
natnrally infected Bog 2033, and had therefore passed through no aeries of 
rats. Yet the curve is the same as that shown m Chart 4 after two years’ 
passage through rats 

It might be argued that this is really an infection with the larger of the 
two Igrpothetioal species, the one having a maximum of 28 microns. It is 
to be regretted that this strain has died out, so that no further expenmenta* 
tion with it is possible It would have been interesting to pass it through 
other animals, in order to learn if any reversion to the short and stumpy 
form would take place. But if it is not possible to do this with Strain II, 
it is with Stram I, which was seen to change from a dimorphic type to a 
praotioally monomorphic type after two years' passage through rats When 
this almost monomorphic rat strain, as shown in Chart 4, is inoculated mto 
a dog, a reversion to the ongmal dimorphic t 3 rpe is brought about, as will be 
eeen from the blowing chart 
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Chart 8 — Curre repreaenting (he Dutributum, by FsraentagM^ in MqMot to .Length, of 
600 Individual* of the Trypanoaome of Naturally Infected Dog, iStmn I, Dog 48, 
taken from Dog 2408 Thie dog wae inoculated from Bat 2471, which ahowed 
06 per cent, long and alender forma. 



In the blood of Sat 2471, Chart 4, the trypanoaomee almost all belonged 
to the long and Blender type Now this is reversed, and the inigonty are 
short and stumpy This goes against the theory that two species are being 
dealt with in this stram Passage through the rat favours the production of 
a long and slender monomorphic type of trypanosome, whereas passage from 
the rat to the dog at once changes this to a dimorphic type, in which the 
short and stumpy form the greater number 
Biectdth . — The following table gives tiie breadth of the trypanosome of 
Strain III, Dog 2033 ' — 


Table XIII — Measurements of the Breadtii of the Trypanosome of 
Naturally Infected Dog, Strain III, D(^ 2033 



Bxpt 


Number of 

In miovDiis 

Date. 

Animal 

1 

irypauoBomei 

measured. 


Sfaximum 

breadth 

breadtka 

im 1 

2087 

Bat 

600 

a-Bi 

4*00 

1-60 
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In Strain III there «ie no postenor-nncleated forms. This is not to be 
wondered at, as there are almost no short and stumpy forms, and it is only, or 
almost only, among them that posterior-nuoleated trypanosomes are found. 

Comparison op ths Three Naturally Infected Dog Strains with One 

Another 


Table XIV — Measurements of the Length ot the Tiypanosome of the 
Naturally Infected Dog, Strains I, II, and III 


Bate 

£zpt 

No 

Strain 

Animal 

1 

i Number of 

I trvpanosomee 


In microns 

_ 





measured 

Average 

length 

Maximum 

length 

1 

Minimum 

length 

1912 

— 

1 

T 

: Rat 

600 

23 7 

1 30 0 

16*0 

1912 

911 

II 


600 

^3*9 

' 36 0 

15 0 

1913 

2037 

III 

it 

600 

28 4 

1 37-0 

20 0 


Table XV — Percentages of Short and Stumpy, Intermediate, and Long and 
Slender Forms in the Three Strams of the Naturally Infected Dog 






Number of 

Short and 

Inter 

Long and 

Bate 

No ' 

Strain 

Animal 

trypanosomes 

stumpy, 

mediate 

Slender^ 




measured 

16-21 

22-24 

26-37 






nor cent 

per cent 

per cent 

1912 

— 

I 

i Bat 

060 

47 1 

10 2 

43 7 

1912 

911 

II 

o 

600 

38 2 

9 2 

62 6 

1913 

2087 

III 

' 

fl 

AXJ 

0 6 

4 8 

94 6 


Strains I and II are similar, but Strain III differs so much from them 
that It would be useless to combine the three into one curve, the result 
would be misleading. In Strain III, as will be seen from Table XV, almost 
all axe long formR 


Table XVI —Measurements of the Breadth of the Tiypanosome of the 
Naturally Infected Dog, Strains I, II, and III 


Bate. 

Sxpi 

No 

Strain 

Animal 

Number of 
trypanosomes 
measured 

, 1 

In mioroni | 

Average 

breadth 

Maximum 

breadth 

Minimum \ 
breadth. 

19U 

1216 

I 

lUt 

600 

2*90 

5*00 

■■■) 

1*26 

IBIS 

911 

11 

It 

600 

2 79 

4 76 

1*26 

1818 

2087 

111 

** i 

i 

600 

2 61 

4-00 

1*50 ‘ 
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Table XVIL — Percentages of Postetior-nudear Fonna fonnd among tbe Short 
and Stompy Varieties of the Trypanosome of the NatnraUj Infected 
Dog, Strains I, II, and III, 


Dftto 

Sxpwiinent 

No 

StMln 


Pmontag* uoong ihort 
and ifeumpy fomu. 

mt { 

407 

I 

Bat 

7^0 

1912 1 

911 

11 

II 

0 1 

1918 

2087 

III 

•1 

0^ 

* 


COHFABISON OF TUK NATURALLY InFECTSD DoO STRAIN WITH THE HUMAN, 
Wau-oAMK, AND WiLD Glossina morshans Strains of the TteYFANO* 
SOME CAUSING DISEASE IN MAN IN NTASALAND. 

Table XYIII. — Measurements of the Lmgth of the Trypanosome of the 
Human, Wild-game, Wild Oloatma moraUanK and Naturally Infected 


Dog Strains. 


Btittis 

Number of 
trypanosomes 
measured 

Animal 

Average 

length 

In miorons 

leni^ 

_ f 

Igiwiimmq 

length 

Human 

8600 

Bat 

28*6 

88 K) 

14 0 

Wild^game 

2600 

11 

22*6 

85 0 

16*0 

Wild & woTfUan^ 

2600 

II 

22-6 

86*0 

16-0 

Naturally mfeoted dog 

1600 

i» 

26*6 

87 0 

16*0 


Table XIX — Measurements of the Breadth of the Trypanosome of the 
Human, Wild-game, Wild Oloaama moraitana and Naturally Infected 


Dog Straina 


Strain 

Number of 
trypanosomes 
measured. 

Animal. 

lamierona 

Average 

breadth 

Maumum 

breadth 

Hinimum 

hnadih 

Human 

1600 

Bat 

1*6 

6*00 

1*26 

Wild-game 

1600 

II 

a 2 

6*76 

1*60 

Wild O morsUans 

1600 

lla 

2*9 

6*26 

1*26 

Naturally aufeoted dog 

1800 

"a 

If 

2*8 

5*00 

1*26 
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Table 2X — PeroentageB of PoatBrior*nuolear Forma found among the Short 
and Stumpy Vanetiea of the Trypenoaome of the Homan, Wild-game, 
Wild GHomna morvUaiu, and Naturally Infected Dog Straina 


Date 

Stnio 

Animal 

Faroanti^ among short 
and ilnmpj forms 

1912 

HiunaQ 

Bat 

17 8 

1912 

Wild ipbine 

If 

26 2 

1912 

Wild (• murkt* ** aHg 


12 6 

1912 

1 1 

NiLtumlli infc ti*d doL 

I 1 

1 ” 

2 4 


COMPABISOX OF THE MOKPHOLOOY OF THE NaTORALLT INFECTED DOG STBAIN 
WITH THE OTHEK ST&A1N8 OF THE TrVI'ANOSOME CAU8I80 DiRBASB IN 

Man in Ntabaland 

At the outaet it may be stated that it is unposdble to aeparate the 
Naturally Infected Dog strain from the other stram by mioroaoopical examina- 
tion As iai as can be made out it is identical m shape, aize and position 
of nucleus and micronucleus, contents of cell, and disposal of the undulating 
membrane 

Three plates are given at the end of this paper to illustrate the morphology 
of tbit strain, and if they are compared with the plates given of the other 
atrama* this statement will be borne out 

On the other hand, there are very few posterior-nuclear forma, although 
in one instance they ran up to 23 per cent, and, as a rule, the thick, blunt- 
ended tjrpe is not so common in this stram as m the others But for all 
practical purposes it must be concluded that the Naturally Infected Dog 
strain la so similar in appearance to the others that it would be unpoasible 
to separate it by morphology alone 

How this aberrant strain arose in these three chronically mfected dogs it 
IB impossible to say. If it had been found anywhere else— -in man, game, 
or fly — ^the position would have been simplified But m none of them 
did anything like the Naturally Infected Dog stram appear. It was thought 
that perhaps the long sojourn in the blood of the dog had modified and 
weakened this stram, and attempts were made to prove this, but without 
success. All the dogs inoculated with the ordinary strains died m a few 
weeks, and inoculationB from those which lingered longest showed no signs 
of weakening or change of any kind. 

* *Eoy Soa*Proo,’ B, voL 87, p 38 (IOT8). IM, B, vol. 87, p. 488 (1914) 

** DsaSriptien of a Btnun of TSypimotima bntm from Zululaad.” 
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COKCLUSIOKS. 

1» t!hfi Naturally Infected Bog etram diSers slightly from the other etcatne 
of the trypanosome causing disease m man in Nrasaland, in that tiieie are 
fewer of the postenor-nucleated, blunt-ended forms which ore sometimes so 
much in Svidenoe in the ordinary strains. 

2 Taking into consideration the fact that this stiam was only (oond in 
three chronically infected dogs, it is concluded that it is an aberrant strain 
of the widely spread species T brueet nel rhedesmute, the trypanosome causing 
disease in man in Hyasaland 

DESCBIPTION OF PLATES 

Trypanosome of Natuially Infected Dog 
Plato 9 —Short and Stumpy, Kun-flagellated Fomwi 
Plate 10, — Intel mediate Fonue. 

Plato 11 — Long and Slendei Forme 

X 1^000 


77te Trypanosovixe caimng Disease %% Man in NyasaHand. 
The Naturally Infected Dog Strain, Part IL — Susee^tbiltty 
of Animale. 

By Surgeon-General Sir Bavip Bbuce, CB>. BBS, AM.S , Major A. E. 
Hamkrtob, D SX> , and Captain D P ' Watsok, B.A M C. , and lady 
Bkccs, B.B C (Scientific Oommission of the Boyal Society, Kyaaaland, 
1912-14) 

(BeoeiTSd April 16, — Bead Jane 26, 1914 ) 
iNTBOOtlOTlOK. 

In a prevKras paper* the morphology of the three stmins of this trypano> 
some, from three natoralfy infected dogs, was described, and th«.atraii» 
oempueed with each other and with the Human strain 
!Ihu paper desoribes the action on ranona animals of the three stnuns and 
tahttlatea a oompaiison with the Human strain 
The first strain— Bog 4S— w»s studied in a fairly large tMunber of 
bttt the second and third in fev» m both were aoddentally lost. 


* ‘ B»y. See. Froe.,* R toI. 88, p. Ill (1814X 
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tiitmcatrnmLtrr op Aitimaus to the Natobauy Iktectko Dog Sttuur. 

L Strain I, 2% 48 
Table I 


Skis 

No of ' 
aspt 1 

1 

Sonrce of virus 

Period of 
inottbationi 

1 

Duration 
of disease, 

Bemarks 


1 

; in days 

I 

in days* 



1919 
Mmt 6 

* <> fi 

Apnl Vi 
18 


Mftr 6 
» 6 
April 6 
„ 6 
» *0 
» 10 

1913 
Mur 21 
« 21 


_ o 20 1 

29 . 
» 22 

ll0t« 21. 
i. 27 


! 814 

From Dog 210 

1 

> 316 

H 210 

— 

314 

From Rat 311 

12 , * 

816 

dU 




Goat 

276 

From Dog 210 

^ — 

277 

„ 210 

— . — 

1 275 

From Rat 312 

24 — 

277 

» 812 

— — 

; 427 

1, 892 

10 

> 432 

1 

.. 892 

26 

3008 

„ 1991 

■ 

1 3009 

, 1991 

27 — 

3010 

, 1991 

— 

2011 

H 1991 

17 — 

2013 

, 1991 

— — . 

2013 

„ 1901 

— 

2014 

, 1991 

24 — 

2015 

« 1901 

17 

2016 

, 1901 

— — 

2017 

„ 1991 

— 



Shoep 

466 ' 

From Bat 302 ! 

5 

457 

392 1 

10 64 



Antelope 

! 2069 

From But 9024 

13 1 -*■ 



Monkey 

818 

From Dog 210 

! 

818 

From Bat 813 

1 ^ — 

60 

From Deg 317 

1 — . — 

468 

From Bat 293 

I — . — 

1628 

« 1491 

1 — 

1624 

» 1491 1 

1 e -> 

im 

From liConksy 1684 

1 

1 

1620 

» 1684 1 

1 ao - 


Never showed trypftnosomes 

— Still alive after 836 days 

- - I Never showed trypanosomes 


Never showed trypanosomes 

>t >1 >1 

Aondentally killed 
Never showed trypanosomos 
Still alive after 277 days 


Never showed trypanosomes 
Still alive after 251 days 
Never showed trypanosomes 
Died of pneunioma 
Never showed trypanosomes 

Still alive after 261 days 

n >* I 

Never showed trypanosomes 


Stm alive after 840 days 
Died of Strain 1 


Still alive after 250 days 


— , Never showed trypanosomee 


1 Still alive after 148 days 
I Never showed ttypanosomM. 
> Still alive after 134 daya 


* IHwMMb indhidas the days of ineuhatioa « it dates from the day of mooaUtion 
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Table 1 — eonfontwdL 


Date 

No of 
expt 

Source of Tifui 

Period of 
ineubatioii, 
in da^. 

BniutioD 
of diveaMi 
in dajB* 

Bemarke. 

1018 


Monkey — efmhMml, 

s 


Jao. 28 

1702 

FromBiMi 1741 

5 

— 

BtiU alire after 180 dayi. 

» aa 

17ns 

1741 

5 

— 

II » I* 

„ *2 

1704 

.. 1741 

— 

— 

Nerer ehowed trypanoeomei. 

11 II *1 

M 28 

1798 

Fivm tfonkigr 1680 
FiomB.t 1MB 


— . 

F«b 28 

1794 


— * 


28 

1798 

.. IMS 


— 

11 II t> 

UftT 22 

1794 

From Monliey 2181 


- 

II ti >1 

.. >2 

1798 

.. 2181 

— 

— 

11 1 II 

June 11 

1794 

„ 8184 

, — 


>1 1* »• 

.. 11 

1012 

1708 

„ 2184 

Dog 


11 1 II 

Feb 17 

210 

From Rat 67 

K 

26 

Bled of Strain 1 

Mar, 6 

817 

From Bog 210 

— 

— 

Nerer showed trypanowomefe. 


881 

From Bat 87 

— 

— 

II II II 

April 6 

817 

M 812 

12 

16 

Bled of Strain I 

i» 

sai 

811 

12 

46 


„ ao 

458 

From Bog 317 


— 

Never showed trypanosomes 
Still alive after 224 days 

20 

459 

„ 317 

10 


flept e 

1268 

From lUt 1218 

6 

— 

»i II 120 

Died of Strain I 

Oct 29 

1526 

.. 1401 

18 

80 

1. 29 

1626 

» WW 

28 

68 

II II 

.. 29 

1627 

„ 1491 



Never showed trypanoeomes. 

» 20 

1628 

„ 1491 

13 

21 

Died of Strain 1 

M 29 

1629 

*> 1401 

13 

47 

M >1 

M 20 

1913 1 

1630 

j 

.. 

16 


Still alive after 148 days, 

1 

1 

Jan 22 

1795 

From Rat 1741 

6 

20 

Died of Strain I. 

22 

1796 

1741 

8 

86 

1 

1 II 11 

n 22 , 

1797 ! 

„ 1741 

22 

— 

Still alive after 181 daye. 

April 14 
Mmy 29 

' 2054 1 

Labmtory-bred OieB 

7 

so 

Died of Strain I 

2107 

From Bog 2064 

11 

16 

II II 

1, 29 

[ 2198 

' 2. 2064 

4 

18 

1 » 

Beo 80 

1914 

1 24H3 

i 

> From Bat 2471 

14 

34 

I 

II II 

Jan 86 

1 2408 

From Bog 2488 

4 

! “ 

Died of Strain I. 

1012 

i 

Average 

, 11*6 
Babbit 

I 

i 29 0 


Mar 80 

‘ 880 

From Bat 67 

1 9 i 

266 

Died of Strain I 

» 30 

, 390 1 

.. 07 

Aremge 

( 

. 17 

18-0 

3uinea-pig 

109 

182*5 

II II 

Mar. 6 j 

813 

From Dog 210 

— 


1 Never showed tiypanosomes 

April 1 

813 

From Bat 312 

— 

— 

II II 

20 

400 

» 302 


— 

1 II II 

» 20 

401 

.. 803 


— 

II II 

Oot. 89 

1631 

» 1601 


— 

1* fi 

« 29 

1632 

,1 1691 



II It 

Not 18 

1681 

II 1692 

— 


1 II 11 

» 18 

1632 

» 1602 

— 

— 

’ II 11 


* Bnntion moludei the daja of inoubation, i 

t datai from day of inooulatton. 
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Table I-xcon^tnucdL 


Bate 

No of 
expt. 


Penod of 

1 

Bniation , 

Souroe of Tinu 

inotthatioiit 

ofdiieaM. 



in day* 

in day* o , 

i 



^ PnMtliw in<diid«8 tke da^r* of ineut»tio&, it datoi from the day of inooulatiDn 
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II Stinm II, Dog 690. 
Table II 


1913 , , 

13 I 1814 < From l)og 600 
18 ' 1816 690 


1912 

June 17 600 Naturalh infeoted 


1913 

Kept 13 1316 { From ]>og 690 

„ H 1317 I „ 600 


1012 I 

Jul^ 18 I 911 From l>og 690 


Penod of 

Duration 

incubatioHi 

of disease, 

in days 

in days • 

Monkey 


- 

— 1 


Dog 

1 1 

{ fr 

- 1 

Giunea-pig 


1 _ 

— 


— 

liat 


7 

30 


Bemarkfl 


XeYor ihowed tiypanoiomea. 


AecoTored 


— UcYer showed trypaiio»ome« 


Duration inchider the da^r of looubahon , it dates from tlie day of luooulation 


III Strain III, Dog 2033 
Table III 


Date 

No <if 
expt 

Source of nrus 

Penod of 
inonbatioD, 
in days 

Duration 
of disease, 
in days • 

Bemurics 




Gk)at 



1913 






May 21 

>174 

From Bat 2089 

12 

71 

Cause of death unoertain. 

» 21 

2176 

2089 

— 


Never showed ttypanosomm 

it 21 

2170 

„ 2080 


— 

21 If 

« 21 

2177 

„ 2060 



fl II 

M 21 1 

2178 

„ 2089 

12 

— 

Died of pneumonia 

May U 

2161 

From Bat 2091 

Monkey 


Never ihowed trypanosonue 

» u 

2182 

9091 

8 


Beeovered 

t, 14 

2168 

„ 2091 

— 


Never showed taypanoiomes 

M 14 
» 14 

2164 

8166 

2091 
„ 2091 

12 


Beoovexed. 

June 14 

8181 

From Dog 2167 


— 

Never showed tiypsiiosomM, 

It 14 

2164 

» 2167 

— 

— 

21 Jl 


* Domtion isrludM the dejn of inonbetion i it detee from da/ of inoeiiletioa. 
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Table III — etmimiud. 


Date. 

No of 
ezpt 

Source of tiruB 

Period of 
inoubation, 
in daye 

Duration 
of dueaie, 
in dayt * 

Remarka 

Uar 28 

2083 

NatuitbUy infei*tod 

Dog 

f 

P 

Died April 1 

Died of Strom III, 

ySmy li 

2186 

Frum Bat 2091 

16 

40 

.. li 

2167 

2001 

6 

38 


.. W 

216K 

„ 8091 

8 

26 

1 

» W 

2168 

>. 2091 

16 

08 


,, 

2160 

„ 2001 

15 

102 

St >f 1 

{ Mar. 88 , 

, 2080 

ATevage [ 12 2 

Qumea-pig. 

From lX>g 2088 > — 

66 8 

1 ^ 1 

1 

t 

1 

1 

Never showed tiypanosomee < 

„ 26 1 

1 2040 

»> 2038 

— 



Iby 81 1 

1 2X60 

From Rat 2089 

23 

1 j 

ReooTCKred 

» at 

1 2131 

„ 2080 



Never ahowed trypauoBomes 

Mar 28 

2087 

From Dog 2088 

Bat. 

13 

78 

Died uf Strain 111 ' 

Apr 16 

2060 

From Eat 2037 

5 

15 

If 11 1 

» w 

2000 

„ 2087 

6 

87 

II II 

16 

2091 

„ 2087 

5 

38 

II II 

May 14 

2167 

„ 2001 

8 

67 

II II 

Oot. 88 

2426 

From Quinea pig 2160 

11 

19 

II II j 



Ayerage 

78 

46 6 

. 


* Duration inoludei the dtt;a uf incubation, it dates from tiie day of inoculation 


Dmitse set up m vaiious Anivinh hy tite Trypanosomt tmising Ihseasr m Man 
in Nyamlawl, The NatinaUy Infntrd Dwf Strain 

(7a;,— This trypanosome does not appear to be virulent to the 9 X Four 
experiments were made. The tiypaiiosomes appealed m the blood of one of 
the oxen, and it was returned as “ Beoovered *’ after being under observation 
for 335 days. The parasites were only seen on three oocasions in this ox, 
and then only in scanty numbers 

Goat — The tiypanosouie also has little effect on goats Twenty>one were 
inoculated Of these 12 proved refractory, five showed the trypanosomes 
in their blood on one or two occasions m very scanty numbers, and were 
returned as “ Becoveied ” after being under observation for nearly a year , 
four died, one from the result of an amdent, two from pneumouia, and the 
remaining one only once showed the trypanosomes, and as no post-mortem, 
examination was made it is impossible to say what was the cause of 
dea&. It may therefore be said that not a single gout of the 21 died of the 
disease. 
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Sheep — Two sheep were inooalsted. One teoovered ; the other died after 
64 da^, probably of the disease 

MmUy — ^This trypanosome has Uttle or no effect on monkeys Twenty- 
seven were used as experimental animals Twenty-one proved refractory , 
the remauuug six were returned as “ fiecovered ” after bemg under observa- 
tion for several months 

Dog , — This strain has become, after several passages, virulent to dogs 
Twent} -eight u'ere used for experiment Nineteen died, on an average, in 
36 8 days (11 to 102) , four never showed trj^panosomes m their blood ; and 
five recovered The post-vwrtem appearances are the same as those found in 
Nagaua . enlargement of the spleen, gelatinous cedema about the vessels at 
Che base of heart, petechne of mucous membranes, and corneal opacity 

Snbbit . — Only two were inoculated Both died, one after 109 days, the 
other after 256 days Both showed comeal opacity and presented the same 
symptoms as those described in Nagano labbits, but in a much milder 
degree. 

Guinea-ptgs — The gmnea-pig, like the monkey, is almost refractory to 
this strain Twenty-one animals were moculated Nineteen of these proved 
refractory, and the remaining two only showed trypanosomes on one occasion 
and appear to have recovered Bats inoculated with their blood remain 
unaffected 

Whte Rat — This strain is virulent to rats Forty-eight were inoculated, 
and all died, on an avet^, in 30 8 days (7 to 94), with enormous enlarge- 
ment of spleen, and the blood swarming with trypanosomes 

CoMl'ABlSON OK THE THREE STRAINS OF THE TRYPANOSOME OK THE NATURALLY 

Infkctsd Dog Strain in Beoabd to their Virulence towards 
VARIOUS Animals. 


Table IV —The Average Duration, in Days, of the Disease in various Animals 
ot the tliree Strains The letter B means that Uie animal is refractory. 


Strain 

Os 

Goat. 

Sheep 

Honke;f 


Babbit 

Guinea-pig 

WUtonk 

I 

B 

B. 

64 

B. 

M 

162 

B 

29 

II 




B. 



B. 

80 

in 


B 

1 

B 

69 


B 

48 
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TftUa V. — ^Xhe Average Durttion, in Days, of the Disease m vanons Awmals 
of the three Strains oombined. The letter B stands for refraetory.” 



Ox 

Qoat 

Sheep 

Monkej 

1 

Dog 

1 

j Babbit 

Gtiuim 

P.. , 

White 

rat 

1 

ATernge dutatioii. 


B ' 

64 j 

R 

87 

168 

B ! 

1 

61 

in daji 

Number of animaU 

1 

S ! 

21 

1 

2 1 

27 

19 

2 

1 

21 1 

48 

emplojed 

1 


1 

i 




1 



Table VI — ^The Percentages of Beoovenes lu various Animals infected with 
the Naturally Infected Dog Strain Three strains combined 


1 Ox 

1 i 

Gkmt 

Sheep 

Monbej 

Dog 

Bi^bbit 

1 Ouinea- 

pig 

1 1 

White , 
rat 

' Peroentagei 

100 i 

100 

60 

100 

21 

0 

100 

1 

0 ; 

1 Number of anuualii 
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Table VI it will be ^n that the Naturally Infected Dog stram is 
not fatal to oxen, goats, monkeys, or guinea>pigs, whereas it killed 79 per cent 
of the dogs and 100 per cent of the white rats 

CoVPARISON OF THB TrYPANOSOMB OF THB NATUBALLY ImFBCTBD Dog STRAIN 
WITH TBB TRYI'ANOSOMB CAUSINU DlRBASB IN MaN IK NYASALANI) 

(Trypanosoma brucbi vbl rhoobsibkbb) 

Table VIT, — ^The Average Duration of Life, in Days, of vanons Animals 
infected with the Naturally Infected Dog Stram and the Hainan Strain. 
The letter R stands for “ refractory ” 
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It IS onnous that this strain, although evidently liarmless to oxen, goats, 
’ monkeys, and guinea>pigB, is quite as virulent as the Human stram to dogs 
and rata 
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Table VIII — The Percentages of Beooveriee m vanooB Animals infected with 
the Naturally Infected Dog Sixain and the Human Strain 


Strftla 

Ox 

Goat 

1 Monkey 

Dog 

1 Babbits 

I 

Guinea-pig 

White fat. 

Naturally infected 
dog 

100 

100 

100 

1 

! 0 

1 

100 

0 

Human 

1 

80 , 

0 

0 

0 

® 1 

0 

0 


This shows the great difference in regaM to action on animals which 
exists between the Naturally Infected Dog strain and the Human stram,* 
and if similai tables refernng to other strains — for example, the Zululand 
1913 Stramt — be compared, the same difference is found. It might be said 
that this alone is sufficient to make it rank as another species, and, as 
already mentioned, if this strain had been found among the wild game end 
wild Olomna mmuttana in Nyasaland, this would have been justified It 
was, however, only found in three chronically infected dogs, and so it is 
thought best with our present knowledge to include it among the strains of 
Trifpanoaomn bnuxt vel rhodestetue 

If in the future it should be decided to give it specific rank the name 
T anctps is suggested This name seems appropriate on account of the 
uncertainty which exists as to the classificatiou of this trypanosome. 

Conclusions. 

1 The Naturally Infected Dog strain is fatal to dogs, rabbits, and white 
rats, but oxen, goats, monkeys, and guinea-pigs appear to be refractory 

2 The Commission is of opinion that this is an aberrant or exceptional 
vanety or strum of the trypanosome causing disease m man in Nyasaland — 
T, bmui vd rhodmenne. 

* ‘ Roy. Soc Pi-oc B, voL 87, p » (1M8X 
t Jbul , B, vol 87, p 403 (1014)^ 
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The Va/pour-Preamre Hypothema of Contraction of Striated 

Muade. 

By H. E Roap. 

(Oommumcatod by Prof C S Shernngton, PBS Beceived April 16,— 
Bead Juno 16, 1914,) 

(From the Laboratory of Physiology, St Maty’s Hospital Medical School ) 

In 1854 Graham suggested tliat muscular contraction might be due to 
osmotic influences (6) In 1878 FitzGerald suggested, on the other hand, that 
muscular contraction might be due to olianges in tension at the surface of tlie 
fibrils of muscle (4) The application of these two hypotheses to the problem 
of muscular contraction is still undet investigation and discussion 

Two principal objections have been raised to the osmotic explanation — 
(1) “ Neither theoretically nor practically is it possible to construct a model 
m the manner imagined by McDougall, which will, on being distended, 
produce anything near the shortening which is observed in living muscle 
Living muscle may contract certainly to one-third of its length " (25) (2) ‘ It 

u impossible to conceive that water will flow into the saroostyles from the 
sarcoplasm, not in a third or a tenth of a second, only, but as in the case 
of the wing muscles of insects, in less than one-two thousandth of a second” (10) 
These two objections seem to be shared by Bernstein (2), Ifacallum (9), and 
Schafer (24), 

On the other hand, Macdonald (11), Macdougall (13), Pauli (15), and 
Zuntz(27), support the hypothesis that innsonlar contraction is due to a rise 
of osmotic pressure 

The structure of striated mammalian muscle is generally agreed to be a 
senes of fibrils suspended in sarcoplasm, the whole surrounded by the sarco- 
lemma The flbnls consist of alternating bands of auisotropous and isotropons 
substance, the former corresponding to the portion of the filml which is 
oontained in the dim band, the latter to the light band of the fibnl(26) 
Accepting this, the model that I wish to describe assumes that during 
contraction lactic acid is formed, causing the portum of the fibnl contained in 
the dim band to swell and become spherical (see figure) Such a process is 
sttemplified by a parchment paper osmometer containing a protem solution 
If the osmometer is placed m a dilute solution of acid, theaoid diShses in and 
eattsee an inoreased absorption of water, with a nse of pressure 
One expUmatitHi of this nse of pressure is that, as the amd diffuses into the 
TOU LXXXTIIL— n. M 
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osmometer, it unites with the protein to fonn an ionising salt Of this salt 
the protein ion cannot pass through the parchment paper membrane, and the 
acidic ion is held back by the opposite electrical charge on the protein The 
pressure inside the osmometer cousists of the sum of the protein and amdie 
ions and the free acid , the pressure outside the osmometer consists of the 
free acid alone Therefore the excess pressure inside is due to the protein and 
acidic ions (14, 17, 18, 20) 

If in calculating the rate of contraction we assume that the lactic acid is 
liberated lu the isotropous substance, and 'that it must diffuse into the 
anisotropouB substance, we are using the most unfavourable conditions for the 




Diagram illuatrating to scale the osmotic con- 
traction of two segments of four fibrils of 
frog’s sartonus muscle. Dun band 00|i 
long , light band 09^ long and fibrils 03^ 
diameter A, relaxed , B, contracted condi- 
tion 8, sareolemma , shaded portion aniso- 
tropic substance , unshaded portion isotropio 
substance 


osmotic hypothesis The anisotropous substance u considered to be on 
ellipsoid, but calculations aasuming tiiat the anisotropous substance is 
cylindrical give practically the same results 
In calculatmg the extent and rate of contraction the results will depend 
upon the dimensions of the structures concerned. Heasurements made 
Ibr F. O’B ESluon on frog’s sartonus diow that there the length of the dim 
band is 0 9 /a, the length of the light band is 0*9 /t, and the diameter of the 
fibnl IS approximately 03/*. As the diameter of the fibril and relative ' 
lengths of the dim and light bands may vary in diflbrent musdes, the 
calculations are made so as to show what venations these difibrenees mey 
allow m the extent and rate of contraction. In the Table (p. 146), thwelaw, 
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the oalcnlatioDB are noade for ellipBoids 09/« long and 04, 08, 0*2, and 
0‘1 ft in diameter , that is with half-axes, a and 0 46 and 0 20, 0*15, 0 10, 
and 0 05 respeotively 

We can assume that the ellipsoid swells to become a sphere of the same 
surface area, that the ellipsoid is really an extended sphere with the walls 
thrown into folds, or that it has luextensible longitudinal fibres and extensible 
oircular fibres The first assumption is not valid, as one cannot imagine a 
suiiaoe area of constant magnitude which would be so mobile as to cliange 
from the surface of an ellipsoid to that of a sphere The other two 
assumptions give the same results and they form the meolianioal basis of the 
ensmng calculations 

We can simphfy the descnption by dealing with one dim band and an 
adjacent light band, since the result is the same even if one dun band is 
associated with the two adjacent half l^ht bauds 

JSsetenl of CotUradton 

The quotation given above refers H^>eoifioally to Macdougall's hypothesis (13), 
but the same criticism seems to l« tacitly applied to all osmotio hypotheses 

Assuming that the ellipsoid becomes a sphere, the longitudinal perimeter 
of the ellipsoid (Table, p 146, column 3) will be the circumference of the 
sphere The dim band, therefore, shortens in the ratio of the length of 
ellipsoid to diameter of sphere, that is as 2a is to 2r 

Not only does the dim band shorten but the area of the dim band 
increases The fibrils being closely packed together, the mcrease m area of 
dim band will be proportional to the squares of the radii of the ellipsoid and 
sphere respectively, or as 5* is to r* The relative volumes of the dim band 
m the two conditions are given by this ratio multiplied 1^ the correqKmding 
length of the band These relative volumes, 2a x 5*, and 27* x r*, are given m 
the Table (columns 4 and 8) 

The volume of the dim band is more than doubled as the result of 
contraction (column 9) The extent of contraction con be estimated by 
aasuming— (a) that, as measured above, the hght band is exactly the same 
length as the dim band, or {b) that the length of the light band is swdi 
that, during contraction, the whole of the muscle can be just absorbed by 
Um dim band. These figures are given in the Table (columns 10, 11, and 12). 

‘ TIim length of the muscle fibre which can be absorbed by the dim band is 
easy to calculate, as the area of the light band is exactly the same os that of 
the dim band before contraction, hence the relative length is the number 
of bmes that the volume of the contracted dun band contains the volume of 
the dim band before contraction 

M 2 
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A model to illustrate the above pnnoiples was made (22) enokwing 
four rubber balloons in silk bags and suspendiug them from a disc ; a rubber 
cylinder was placed round these, extending from the supporting disc to a 
similar disc below The whole was filled with water * a oertam amount of 
water was removed from the cylinder surrounding the balloons and the same 
volume was injected into the balloons The total volume was thus unchanged 
and the model contracted to 50 per cent of its original length By more 
careful construction there is no doubt that a greater degree of contraction can 
be produced 

The diagram shows, to scale, the contraction when elhpsoids 09/1 long 
and 0 3 ft in diameter become spheres of the same circumference, the light 
bands before contraction being of the same length as the dun band 

The results of the calculations in this section are independent of the actual 
dimensions, but they depend on the relative dimensions The results m the 
following section, however, depend on the absolute values 

Bate of Contractton 

Graham pointed out that “ in minute microscopic cells the osmotic move- 
ments should attain the highest velocity, bemg mainly dependent upon the 
extent of the surface " (7) This statement can be amplified by calculating 
the rate at which the ellipsoids would swell to form spheres. 

The amount of liqmd that is absorbed (column 13) is the difference between 
the volume of the sphere (column 6) and the volume of the ellipsoid 
(column 2) This amount of liquid passes through a surface which can be 
taken to be of the same extent as the surface of the qihere (column 7) 

To calculate the rate at which absorpfoon of water may take place through 
the membrane we may utilise the data which 1 obtained m some direct 
determinations of the osmotic pressure of hesmoglobin solutions (17, 20). 
The surface area of the parchment paper was 19 sq cm and osmotio 
equilibrium was attained in about three days by tlie absorption of abont 
5 0.0 of water 

If the rote of diffiision into the anisotropio substance is the same as tiie 
rote of difihsion through the parchment paper, the length of tune until 
equihbrium wiU be reached will be directly proporiipnal to the volume of 
liquid passing in, and inversely proportional to Uie surface area through 
which the liquid con pass The increase in volume when the ellipsoids 
become spheres (column 13) and the surface of the spheres (oohunn 7) are 
given in the Table 

In order to compare the increase in volume and surlaoe of the osmometer 
with the corresponding measurements of the ellipsoids, the measurements in 
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centimetres must be converted into microns that is, 5 most be multiplied by 
(10000)* and 19 by (10000)*. 

The ratio, 

5 X (10000)* Increase in volume of elhpsoid 
19 X (10000)* Surface oi sphere ' 

denoting the relative surface through which umt volume passes into the 
anisotropic substance compared with unit volume through unit surface in 
the osmometer, is given m column 14 of the Table 
In calculating the rate of diffusion we must distinguish between two 
processes, namely, the rate at which lactic acid diffuses from the isotropous 
into the anisotropous substance, and the rate at which water diifhses from 
the isotropous into the anisotropous substance 

In each case tho rate of diffusion must depend on the diiviiig foioe, that is, 
the difference of pressure divided Viy the distance Let us assume that in the 
osmometer there is perfect mixing, so that the distance is the thickness of 
the paictinient paixu , 43 tluckiiesses of dry parchment pajier were measured 
111 a screw micrometer, their thickness u'Ob 3 7 mm , each piece is, therefore, 
at least 0 086 mm thick. As the parchment paper swells when wet, the 
actual thickness must be greater than this 
Further, let us assume that the anisotropous substance is a gel, and let ns 
take tho greatest distance, namely, the radius of the sphere (column 5), as the 
distance that detei mines tho driving force in the ellipsoid If the difference 
of pressure between the anisotropous substance and tho isotropous substance 
were the same as that between the contents of an osmometer and its surround- 
ing fluid, the dnving force (being inversely as the distances across which the 
force acts) would be, as shown in the Table (column 15), very much greater 
in the case of the muscle fibre , in other words, the osmotic gradient would 
be mnoii steeper 

If acid IB placed with the luemoglobin inside the osmometer, equikbnum is 
reached in two to three days (17, 20), but when the acid is placed outside, the 
pressure reaches its maximum moio gradually, depending on the rate at 
which acid enters the osmometei I^t us assume that the lattei arrange- 
ment corresponds with the conditions existing inside a muscle fibre , let ns 
take three days as thu period required to roach osmotic equilibnnm once 
the pressure has been produced, and let us take 14 days as the period 
required for the acid to diffuse into the osmometer and cause a nse of 
pressure. 

As the parchment paper is saturated with water the rate at which water 
enters the outer surface of the parchment paper deternuues the rate at 
whiob water enters the osmometer , that is, the rate of entry is proportional 
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to the osmotic gradient The time required to reach osmotic equilibrium in 
the fihnl (column 17) is calculated by dividing three days, m seconds, by 
the relative surface through which unit volume passes (column 14) and also 
by the relative dnving force (column 16) 

In the case of the diffusion of acid, the acid must diffuse through the 
thickness of the paper before it can affbct the contents of the osmometer 
Therefore, in calculating the tune required to reach equihbnum, the distance 
must be taken into account a second tune For this reason the equilibrium 
for acid will be reached in inverse proportion to the square of the distance 
(square of column 15) The length of time required to leach equilibrium 
for lactic acid in the muscle (column 16) is found by dividing 14 days, in 
seconds, by the relative surface through which unit volume passes (column 14), 
and also by the squares of the figures m column 15 
In order to control the above calculation the rate of diffusion of lactic 
acid was measured by allowmg it to diffuse mto gelatme containing an 
indicator A 2-per-cent solution of gelatine was coloured by Congo red, 
and tubes 3 mm in diameter were filled with it After the gelatine had 
Bohdified, the tubes were out into short lengths and placed into 25 ce. of 
solution The length of tube m which the indicator had changed colour was 
measured at definite time-intervals 


Two tubes were placed in each flask, two flasks of each solution were used, 
and there were two ends to each tube, therefore the measurements are the 
average of eight determinations in each case 
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A second expenmont was carried out, but neutral led with sufficient alkah 
to cause a yellow colour was used. The diffusion was slightly slower, possibly 
because some of the acid was lost by neutralising the alkali 
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The results show very clearly that the time required for difhisioa is 
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proportional to the square of the distance, tdierefore we can caloolate the 
rate of difiiiston of lactio acid m muscle fibre 
Taking the rate of difihsion as between 2 and 3 mm. for the first hour, we 
can calculate the time for the acid to diffuse one micron as follows* — A. 
micron is 0 001 mm , therefore the acid would diffuse one mieron m between 
(1/2000)* and (1/3000)* of an hour, or between 00009 and 0*0004 of a 
second resjiectively The radius of the spheres is about one-third of a miorou, 
therefore the time for the acid to diffuse mto the anisotropic substance is one- 
ninth of the above, or 0 0001 and 0 00004 of a second respectively 
These times aie somewhat less than those given in the Table (column 16). 
In the Table the calculation is for the establishment of equihbnnm, but these 
figures show the time for diffusion of just sufficient acid to cause a change of 
colour of the indicator Considering this difierenoe and the different ways m 
which the times were calculated the agreement is very satisfactory 

If we sum the two time-intervals (columns 16 and 17) we get the total 
time for complete osmotic contraction of inusclo, if the two processes ate 
successive (column 18). As the processes would be more or lees concurrent, 
the tune would actually be less 

In spite of the fact that in these calculations, wherever there was any 
doubt, the assumptions were made to the disadvantage of the view now 
defended, it will be seen that if the maximum contraction of frog’s sartonus 
requires at least 004 second theie is more than sufficient time for the 
contraction to be the result of osmotic sweUing of the anisotropic substance 
The calculation for the wing muscles of insects has not been attempted 
owmg to the lack of data. Although the fibrils are coarser the presence of 
minute canals in the anisotroixius substance must be remembeted, so that 
probably the results would be equally convincing If it were permissible 
to consider the rate of diffusion of water as proportional to the square of the 
distance the ellipsoids would become spheres with sufficient rapidity to allow 
ample tune for the contraction of insect’s muscle 

Ahtolvie fvnx of Musde 

In the preceding discussion the term osmotic pressure has been used, but 
tmy other process which produces a lowering of vapour pressure could be 
used as the force by which water is moved into the anisotropons substance 
In order, however, to make the discussion more concrete, I may quote the 
following expenment as showing the effect of lactic acid on the osmotic 
pressure of a piotein (14, 18) As the proteins of muscle are difficult to 
obtain in an unaltered condition 1 have used hemoglobin It is more 
sensitive to reagents than the proteins of serum (21) 



Table lUustratmg the Osmotic Possibihties of Muscle 
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Sheep’s blood was oentrifugahaed and the coipusoles washed once with 
0 9*per-cent sodium chloride The corpuscles were diluted with an equal 
volume of distilled water and the resulting solution of htemoglobin was placed 
in osmometers 
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This experiment illustrates how the anisotropous substance may swell 
as the result of an increase m osmotic pressure due to the formation of 
lactic acid 

Bernstein (2) states that the foice of frog’s muscle is about 600 grm per 
squnie centimetre, which amounts to a pressure of 445 mm. of mercury 
The percentage of protein m muscle is about 18, so this is equivalent to 
24 8 mm per 1 per cent of protein, a pressure not much greater than that 
recorded above with a strengtli of acid which is less than that formed in 
muscle durmg contraction 

Macallum(8) and Macdonald (1 21 have shown that the inorganic con- 
stituents of muscle are mainly confined to the dim band Some years ago 
1 endeavoured to find out if the proteins were also mainly confined to the 
dim band. Crab’s muscle was stained by immersion m dilute Millon’s 
reagent, copper sulphate followed by alkah, and other protein reagents 
In each case the dim band appeared to stain more deeply The expenments 
were discontinued, as the appearances might have been due to tlie colour 
seeming darker because of the 0 ].)aoity of the dim band If the proteins are 
unequally distributed less pressure ]ier 1 per cent of protein would siitfioe 
for muscular contiaction 

Another way to calculate the osmotic force of muscular contraction is to 
regard the increase ot pressure as due to die amount of lactic acid combined 
as an ionising salt with protein, the increase m pressure being considered to 
be due to the addition of the lactic ion to the protein 

The increase in pressure (163 mm) is equivalent to a 0 009 normal 
solution This added to the 0*01 normal solution, the amount of uncombined 
acid which should be equally dutnbuted mside and outside the osmometer. 
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gives a ooncentration of 0*019 normal. To prodnce this oonoentnUon in the 
25 c c. of solution in the osmometer would require 5 c.c. of a deoinonual 
solution of lactic acid. It would be difficult to show the disappearance of 
this amount fiom the 600 oc, of N/lOO solution outside the osmometer 
In the last osmometoi of the experiment 4 9 c c had disappeared, but such a 
close result is probably a coincidence 

If we wish to make a similar companson in muscle we must calculate the 
relative volume of the anisotropic substance to the whole muscle in the 
uncontracted and contracted states A disc*of paper was divided into as 
many smaller discs as possible by a cork borer. These smaller discs collec- 
tively weighed 0581 grm, and the residue weighed 0224 grm It was 
found, however, that there were certain larger pieces from the edge of the 
large disc that were too small to form small discs. If these pieces were 
excluded the weight of the residue was 0163 grm The larger the whole 
disc the less relatively is the waste at the edges, so that we can consider 
the weight of the smaller discs as between 79 2 and 72 2 per cent of the 
whole , these weights represent the relative area of the oomhmed smaller 
discs to the whole disc 

lliese figures give the relative volume of small oylmders inside a larger 
cylinder of the same length The volume of an elbjisoid is two-thirds of a 
cylinder of the same length and diameter. Therefore the volume of the 
ellipoids will be two-thirds of the above, namely, between 52*8 and 48*1 per 
cent of the volume of the 4iui liand As the volume of the light band is 
approximately the same as that of the dim band, the elkpsoids will occupy 
half the above amount, tlmt is betwien 26 4 and 24 1 per cent of the unoon- 
tracted muscle 

In the contracted condition the whole of the muscle is contained in the 
dim baud, and the ellipsoids become spheres In the preceding paragra^ 
we have calculated the relative volume of cylinders inside a larger cylinder, 
and since the volume of a sphere is two-thirds of the volume of a cyhnder 
surrounding it, ve see that the spheres occupy between 628 and 481 per 
cent of the whole contracted muscle 

If as in the osmometer experiment the concentration of lactic acid in the 
isotropous substance i-emains as low as 0 01 normal, and the conoentration m 
the whole muscle is equivalent to 0 026 normal (6), we can cateulate the 
amount of lactic aoid hi the anisotropoua substance. If the muscle is 
prevented from shortening, the conoentration would be about 0*07 nonmd. 
If, on the other band, the muscle is allowed to shorten, the concentratum of 
lactic aoid in the anisotropous substance would be about 0*04 normal These 
Bgures are obtained by subtracting from the total concentration of lactic add 
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the amount contained in the leotropone enbetance and oonoenlxating the 
remainder in the aniBOtropooa substance That is 

[0 026-0 01 (100-X)/100] . lOO/X, 

where X is the percentage of tlie whole muscle formed by the anisotropic 
substance as calculated above 

If we subtract the amount of uncombined lactic acid (0 01 normal) from 
the above we have left 0 06 normal and 0*03 normal respectively, as the 
amount of lactic acid as ionising salt in the anisotropic substance These 
would give osmotic pressures of 1018 ram. and 509 mm, both of which 
exceed the 445 mm which Bernstein states is the maximum required (2). 

By the formation of a lactic-aoid salt of protom a native potential would 
be produced This is apparently the explanation of the negative potential 
produced when a muscle contracts (1, 3, 16, 19) The time relations of acid 
production are such that the acid can be considered as the cause oi contrac- 
tion (23) 

There is one further point. It is claimed that if the contraction of 
muscle IS due to changes in surface tension one explanation suffices for 
it and lor amoeboid movement Grantmg that amoeboid movement is due 
to changes in surface tension, may it not be that the changes in surface 
tension are due to electrical charges, the result of acid production ? Thus 
amoeboid movement and musculai contraction may be related, but in a 
different way from that advocated by those who claim that muscular con- 
traction 18 due to chauges in tension at surfaces of separation. We do not 
yet know enough about unstiiped muscle to suggest how its contraction is 
brought about. 

The almve outline gives a definite conception of muscular contraction 
which accounts for all the known facts If an eqnally tangible explanation 
could bo furnished based on surface-tension changes, the two hypotheses 
might be compared one with anothei, and the two together might lead to 
a conception closer to the truth than can be arnved at from either hypothesis 
taken by itself 

Summary qf Cmdutumt 

1. The contraction of striated muscle can be explained on the hypothesis 
that lactic acid is set free, and that this combines with protem to form a salt, 
with a consequent rise of osmotic pressure 

2. Muscle can shorten by osmotic processes until its length is somewhere 
between 37 and 3 per cent of its original length (Table, columns 10 and 12). 

3 The osmotic process can occur in frog’s sartonus in less than 0 04 of a 
second (Table, column 13) 
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4 In order to deterinine whether all caeeB can be explained by this 
hypothesis it is necessary to have measurements of the structures oonoenied* 
Insect's inuBole, for instance, should be the test as regards the rapidity of 
contraction 

5 The amount of lactic acid fonaed during muscle contraction can cause 
sufficient rise m osmotic pressure to account for the force exerted by muscle 
conti action 

6 The electrical changes in muscle can be explained by the formation of 
a piotein salt of lactic acid 

Many of the experiments on which this paper is founded have been earned 
out by the aid of grants from the Government Grant Committee of the 
Royal Society 
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On the Nutritive Conditions Determining the Growth of certain 
Fresh-water and Soil Protista 

By H G Thornton (New College) and Qboffrey Smith, Fellow of New 

College, Oxford 

(Communicated by Prof G b Bourne, F B S Received April 20, — Bead 

May 14, 1914.) 

[Plate 12] 

It 18 well known tliat m ponds and lakes cycles of development occur, 
in which venous kinds of animals and plants replace one another in 
succession, but the conditions are usually so complex that the succession 
rarely repeats itself with regularity from year to year, and it is impossible 
to assign, with any certainty, the successive phases to their determining 
causes. Tlie same kind of cyclical development occurs m artificially made 
organic infusions, where bacteria, algu*, flagellates and cihates replace one 
another m irregular sequence 

The object of this papei is to indicate certam lines of experiment upon 
which it may be possible to attack this problem 

Woodruff has contributed some data for studymg the underlying causes of 
these successive events, and the work of numerous authors has added to 
our knowledge of the factors regulating the growth of algm and diatoms 
Amongst these may be mentioned the work of Oswald Itiohter* on the 
nutntion of fresh-water algee, and that of Miquel.f and more recently of 
Allen and Nelson,! on the culture of diatoms The work of these authors 
tends to show that, even in the case of algm and diatoms in which 
nutntion appears to be holophytio, the presence of some organic matter 
m the culture medium is of great assistanoe to the growth of the orgamems 

The expenments with Euglmi wndw were earned out with the object of 
investigating the nature of this organic matter which exerts a beneficial 
influence on the growth of apparently holophytio protista. 

The method employed is to use a culture medium oontaiumg a constant 
proportion of the inorgamo salts necessary for the nounsbment of a 
holophytio organism, and to supply the organic matter in the form of 

* Oswald Biohtsr, * Die Erablining der Algen,’ 191 1 
f ICiqiiel, ‘Le Diatoduste,’ 1888. 

! S. j Allen and E W Nelson, “On the Arttheial Culture of Maruie Plankton 
Organisms,” * Joum Marine BkiL Assoo.,' vol. 8^ No S, 1810 
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chemicallj pure organic compounds instead of the indefimte composition of 
an organic infusion 

The method employed in the cultures of Eugltna mridu has also been used 
to study the minute bacterial feeding flagellates living in the soil 

Mupm^ments vnth Eugleua vindis 

In culture experiments with Euglma gra<%tt», Zumstem* found that a 
much improved growth could be obtained if a little organic matter was 
added to the culture medium By increasmg the amount of organic matter 
in the medium, he found that Eugleua graetlts could be mdnced to change 
its mode of nutrition, living solely as a saprophyte Under these conditions 
the Euglena passed into an Astasia-like form, the chlorophyll disappeanng 
and leaving only the colourless leucoplasts. When hving saprophytically, 
the organism could thrive in the dark as well as in the light Zumstem 
found that the green coloration was reasaumed if the Astasia form was 
brought back into a solution containing only a small amount of orgamc 
matter and kept in the hght. 

Tiebouxt was able to grow Euglena graerits in solutionB containing citnc 
acid, but found that Euglena vindts could not be grown under these 
conditions Thus, there appears to be a marked physiological difference 
between these two species of Euglena, a fact which is emphasised by the 
earlier work of Klawkine^ on Euglena wndta. His ezpenments showed 
that it was impossible to make Euglena mndw thrive well in the dark. 
When kept in the dark in a medium containmg organic matter, the 
Euglense remained alive, but did not lose their chlorophyll or show a 
perceptible increase Our expenments with this ^lecies of £i^;lena have 
confirmed the results obtained by Elawkine, and show that Euglena vtrtdu 
IS not able to thrive m the absenoe of hght, even when placed in the 
optimal culture medium and in the presence of suitable organic matter 

It IS thus evident that Euglena wrxdve is a more essentially holophytic 
organism than Euglena graeUu, a foot which tends to simphfy the issue when 
we come to study the physiology of its nutntion 

By appropriate methods, a culture of Euglena mniis has been kept m 
active growth in test-tubes by inoculation from tube to tube, for a period of 
about two years 

* H. Zunutein, **Morp1iologie and Physiologie dor Englma graedu," 'Prmgsh^’s 
Jahrbttoher f wus, Botonik,' vol 34, p, 418 (1888). 

t 0 li^'eboax, “OrgamsAe SSanniali KoIiIenstolR)neUe bei Algra,” *B«r d. D. B 
(iM.,' voL 83, p 438 (1806) 

} W KlawkUM, “ BedierchM biolcgiqnes eur VAetaHa oeeUata et VEu^ena 
' Ann des Sa Nat , Zool sins 6, voL 18, and aim 7, vol. 1. 
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The medinm nsed for growing theee organisiuB has been a mixture of 
inorganic salts given by Miquel in his paper on tlie growth of diatoms* 
To this medium, which contains all the elements necessary for the growth of 
a green plant, it has been found necessary to add some organic material in 
order to obtain an active growth of the organism The oomposition of 
Miquel’s fluid is as follows — 

Solution A 

MgS 04 10 grs 

NaCl 10 ,. 

Sodium sulphate 5 „ 

Ammonium nitrate 1 „ 

Potassium nitrate . 2 „ 

Sodium nitrate 2 „ 

Potassium bromide 0 2 „ 

Potassium iodide 0 1 „ 

Water . 100 „ 

To make up the flmd, 40 c c of solution A and 10 c o of solution B aie 
added to 500 c c of tap water, and the mixture is filtered 
It was necessary at first to determine the strength of Miquel’s fluid best 
adapted for growmg the Euglena. In a number of prelimmary experiments 
It was found that the best growth could be obtained when 4 c c of the 
above Miquel solution were added to 6 co. of tap watei, the organic 
matter being supplied by 1 oo of hay infusion The experiment was 
performed by inoculating the tubes with a very small amount of the 
stock culture, introduced by means of a capillary pipette. The tubes 
were kept in diffiiso daylight at room temperature , attempts to hasten 
the growth by incubation at 76--80*’ F, were unsuccessful, the Euglena 
dying, or at any rate failing to flounsh at this temperature In the 
absence of any organic infusion, the Euglena eitiier faded to develop 
or else multiplied very slowly, and the fluid m the tube never became 
crowded with free*8wimming organisms so as to appear opaque and green 
The addition of 1 or ^ o.c of hay infusiou, on the other hand, caused a thick 
growth which, after the lapse of 10-14 days, filled the tube with myriads of 
freeHBwimming individuals, giving a totally difibrent appeaianoe to the con- 
dition seen in the tubes to which no organic matter had been added 
It was found, however, that the efficacy of the hay infusion varied very 
greatly according to the length of time during which bacterial growth bad 
eontinned in it. Thus, a fresh bay infusion, after being stenliaed, was found 
* Dr. Miquel, * Le Diatoauste,’ No. 9^ June, ISOS. 


Solution B 

Sodium phoaphate 4 grs 

Calcium chloride 4 „ 

Hydrochloric acid 2 c c 

Perchlonde of iron, sat. sol 2 ,, 
Watei , 80 „ 
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to have a much foebler effeot in stimnbiting growth than an infunoB whkih 
had been kept for some weeks and in which bacteria had been allowed to 
multiply before it was sterilised 

On the other hand, the same infusion, after being deft for several montlis, 
lost much of its previous dffioacy Similar results were obtained with other 
vegetable infusions 

A typical experiment, showing the effect of the various dilutions of Miquel 
solution, and of the presence and absence of organic matter in the medium, 
may be seen in Table I 


Table I — Cultures inoculated on April 21 



OompoHition of Sfodlum 


I I 

Ghrowth on 1 Glrowth on , 
April 29 I May 21 , 


I I 


1 

10 c c Miquel solution 





1 None 

' None 

2 

8 00 

11 

If 

+ 2 c 0 disLillod HgO 




II 

II 

3 

' 6 0 0 

If 

>1 

+ 4 cf* 

If II 




II 

1 ” 

4 

4 0 0 

li 

If 

+ 0t c 

ti II 




II 

1 >1 

6 

2 oc 

II 

It 

+ 8 0 0 

If II 




II 

II 

6 

1 10 0 0 

If 

»1 




5 a 


i» 

i» 

7 

' 8co 

If 

If 

+ 2 0 (' 

II II 


s 1 


II 

1 

8 

0 c 0 

II 

If 

+ 4 c 0 

II It 




If 

II 

9 

4 oc 

11 

II 

+ 6 00 

If II 


k'g 


SUdit growth 

II 

10 

2 0 0 

II 

l| 

+ 8 oc 

If >1 

j 

+ 


If 

II 

11 

8 00 

If 

I 

+ 2 0 0 

tap water 




None 

1 II 

12 

, 0 0 0 

II 

II 

+ 4 1 0 

II 




tl 

It 

13 

1 4 00 

11 

11 

+ 0 00 

II 




Slight growth 

M 

14 

1 2 00 

If 

II 

+ 8 0 0 

11 




P 

II \ 

16 

8 CO 


» 

+ 2 cc 

II 


; S’ 


None 

,1 

1 J2 ' 

0 00 

If 

♦ 

+ 4 00 

If 


rl 


Slight growth 

11 

17 , 

4 c 0 

II 

II 

+ 000 

It 


31 ■ 


Veiy strong 

VefT atrong 








o 


growth 

growth 

18 1 

1 2 oc 

11 

J 

+ 8 oc 

II 


' + S 


I 

1 

Good growth 


These experiments show that the best growth was obtained in tube No. 17, 
m which the culture medium consisted of 4 cc Miquel solution + 6 <xo. 
tap water, to which 1 cc. hay infusion was added , while m thoae tubes to 
which no oi^anic matter wae added, growth was either totally absent, or 
else a slight growth was observed in those tubes m which the proportions 
of Miquel and tap water approached the optimum 
It must be noted that whmi tap water is replaced 1^ distilled water, the 
growth 18 either prevented altogether or else is very slight, even when the 
necessary elements for growth are given in the Miquel and otganic matter 
This can be seen in Table I m tubes Noe. 7-10, as compared with tnbee 
Kos. 16-18 A similar result was noticed when culturae were mth 
Miquel ftuid that had been made up with distilled water instead of tap 
water The improved growth in tap water might be due either to the 
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difference in osmotio preaenre or to the infloenoe of some oonetitnentt organic 
nr inorganic, in the tap water 

An attempt was made to discover whieh of these was the determining 
influence. An artificial tap water was made np ft-om an analTsis of Thames 
water famished us by Mr. W. W. Fisher. This contained : — 


KaCl.. 

Psrta per lOOyOOO 
. 28 

NaNO* . 

07 

MgSO« 

. 14 

CaSO« 

28 

CaCO, 

223 

SiOj 

1*0 

Total solids 

.. 310 


Somewhat conflicting results were obtained when this artificial Thames 
water was used to replace natural tap water * on the whole the growtli 
obtained was not so good as when natural tap water was employed, but 
since It was possible to obtain quite good growths with the artificial medium, 
it must be concluded that the supenority of the media containing tap 
water is due to some slight alteration in the proportions of the inorganic 
constituents. 

Having determined the optimum conditions for growth as far as the 
inorganic constituents are concerned, namely. 4 o c. of Miquel solution + 6 c o 
natural tap water, the question of the nature of the organic matter used by 
the Euglena was then taken up. 

In the expenments given below, tiie mdinary method of inoculation by 
means of a capillary pipette was employed, and, in addition, another method 
which gives more rapid results. In this second method, an old culture tube, 
in which Euglena has been growing for a long period, is taken. In such a 
tube there is a nog of encysted Euglena adhermg to the glass at the surface 
of the liquid. The liquid is poured away and the encysted Euglena, which 
is very firmly attached, may then be thoroughly washed with tap and distilled 
water. In this way a practically pure culture of Euglena may be obtamed 
on adding the appropriate culture medium, though m no case has it been 
found possible to obtoui a sterile culture free from bacterial contamination. 

The following ohemioally pure substances were added to the “optimal 
iCiquel " mixture and the tubes inoculated with Euglena, with the reeulte 
sui^foined. 
yoib iacxxvin.-~B. 


K 
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1 . Demstrtm-^ 

In media, m which 0 6-1 c.o of a 1-per-oent solution of dextrose was 
added to 10 c.c. of the “ optimal Miquel ” solution, no growth of Euglena 
was observed, but in all oases there was a considerable growth of fungus» 
probably derived from spores from the stock tube of Euglena* It is probable 
that the great development of the fungus inhibited the growth of the 
Euglena, smce a slight growth in the optimal Miquel solution was expected 

2 Cane Sugar — 

The addition of 0 5-1 cc of a 1-por-cent solution of this substance to 
10 cc of the '' optimal Miquel " solution did not inhibit the growth of the 
Euglena to the same extent as the dextrose, but only rarely and after a long 
period did any noticeable growth appear The growth of fungus in these 
tubes was either absent or very slight 

3 Tartaric Acid — 

The addition of 1 cc. of a 1-per-cent solution had a purely native 
effect no growth of Euglena but a strong growth of fungus being observed 

It 18 evident from these results that the stimulating element in the 
organic lufusion is not in the nature of a carbohydrate 

4. Peptone — 

The addition of 1 oc of a 1-per-oent solution of peptone to the medium 
invariably gave rise to a very strong bacterial growth, the bacteria being no 
doubt introduced with the Euglena, on inoculation. Under these conditions 
the Euglena scarcely developed at all, although it is not entirely killed off, 
a slight ring appearing at the top of the fluid. 

5. 

Tyrotan , — As this compound is very insoluble in water, a saturated 
Rolutaou was made up in distilled water. The saturated solution when cold 
contains the salt in the proportion of 1 in 2400 of water 

In the earlier experiments 1 or 2 c o of the above solution were added to 
10 CO. of the ** optimal Miquel” mixture. A very strong growth was 
obtained in this medium, indeed supenor to that obtained by means of the 
addition of a natural organic infusion. The marked difference ip the growA 
of the Euglena in a tube containing this minute trace of tyroain (1 24,000) 
as compared with a culture in a medium free from organic matter, may be 
seen in the photograph (fig. 1). 

# A number of experimeuta have been made by Loew, Bokomy, sod others on the 
growth of alga m amido and fatty amda A full literature of this work will be loimd 
m Oewold Bichter'a ^IHe Embhrnng der Alg6%' 1911. 
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In onltnieB contaimng 1-2 o c of the tyroam solution, it was found that 
after a period of about six to eight weeks the Eiiglena ceased its active 
growth and became encysted upon tlie walls of the tube and especially round 
the surface. For example, a tube containing 4 o c Miquel solution, 6 c.c 
tap water, and 1 c.c. tyrosin solution, was uyiculated with Euglena on 
November 25 By December 3 there was a noticeable growth, whidi 
became very thick by December 30 By January 30 all free-swimming 
forms had disappeared, and nothing remamed but a nng of encysted 



Fio 1 —Photograph to show the Growth of Euglena m a Tube (B), oontaming the 
optimal Miquel mixture, to whidi tyroem eolation wu adde^ as deecnbed. 

Tube A ehowe the slight growth in a control culture oontaiuing the optimal Miquel 
solution, but with no orgame solutton. 

Photograph shows a lO^ys growth 

Euglena. It was found that by repleiUBlung the culture medium in this 
tube, the growth of the Euglena could at once be revived witbm two days 
after replenishment a thick growth of free-ewimming forms was obtained 
This suggested that the l^rosin was used up after a certain penod To 
test tins hypothesis, cultures were made ih the optimal Miquel nuxtuie, to 
which tyrosin was added in the solid form, so that as soon as the dissolved 
tyroein was used np, fresh tyroun m^ht go into solution. Cultures grown 
in lias msdram stowed a very rapid growth of Euglena dnring the first 
fortoight or three wedcs, but after that the increased devidopment of 

N 2 
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baoteria m the oultore neually mterfierea with the Euglena growth. The 
following culture may be regarded as typical of the growth of Euglena in 
a medium of this nature : — 


Cultures with Tyrosin Media, inoculated February 2. 


O(nnpo0itu>n of tube 

Ghrowth on Feb 6. 

(growth on Feb 18 . 

4 0.0 Miquel tap •f 6 o o tap water + eolid 
(710110 

4 0 0 Miquel tap 6 e 0 tap water 1 c 0 
t^ronu solutm 

Verr etrong Fuglena 
growths 

Slight growth of 
Eugleua 

Euglena dead or 
enejeted) numeroua 
bactena 

Very strong Euglena 
growth 1 very few 
baotona 


To avoid the excessive growth of bactena in the tyrosin and at the same 
time to ensure the continuous supply of tyrosin, the following oultura method 
was devised The Euglena was grown m a tube containing the optimal 
Miquel mixture alone, and the trace of tyrosm was supplied from another 
tube containing a saturated solution of this substance connected by means of 
i capillary tube with the Euglena culture. In this way the culture medium 
IB continually supplied with traces of tyrosin solution, but the diffusion is 
too slow to cause an excess of tyrosin in the tube contammg the Euglena. ' 
It was found that by this method a strong growth of Euglena could gradually 
be obtained, nearly free from the bactena and nunute flagellates which 
always appeared in cultures to which solid tyrosin was added. 

Of all tlie culture media employed the thickest and most successful 
growths of Euglena have been obtained with optimal Miqnel mixture to 
which tyrosin is added. 

OlycomU — Cultures were made in optimal Miquel mixture to which was 
added 1 cc of l<per>oent solution of glycoooll These cultures invariably 
gave a strong growth of bactena and, at first, a greatly retarded growth of 
Euglena, though subsequently the Euglena increased In no case did tiiese 
cultures compare m strength of growth with the cultures m tyrosm media. 
It IS probable that this retardation was due to the bacterial growtii, and this 
subject will be dealt with in the latter part of the p^>er. 

AlanxiUi—l 0.0. of a l*per-Qent. alanine solution was added to the 
Miquel mixljpre as usuaL The cultures mvanably gave a very stnmg 
bacterial growth, and veiy frequently a bacallus producing a nvid apple- 
green coloration appeared. This green colounng matter was shown not to 
be chlorophyll, as it was developed more rapidly and to a greater d ogwe in 
the dark than in the hght At first, as in glyoocoU, the to 

multiply, though after a long period, vu. about three weelm, tubes mooulated 
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with a ring of encysted forms, as desonbed above, produced a considerable 
growth. 

The great supenonty of the tyrosin solutions over the solutions of 
glycocoll and alanine was very marked Tt was at first thought possible 
that this was due to the j^resence of the beniseno ring in the tyrosin, 
especially since alanine is similar in composition to tyrosin, except that in 
the former substance the oxyphenyl ring is absent 

OH Pi 

CH8.CH(NHi) COOH V' CH. CH(NH,) COOH 

Alanine Tyrosin 

With a view to testing this hypotheaw, the phenyl compounds of alanine 
and glycocoll were employed in the oultuxe media. 

In media containing phenyl glyooooll, 

CH(NH,)COOH, 

it was found that no growth took place, even the development of the 
bacteria being prevented 

But, in the media containing phenylalamne. 



0 CH3.CH(NH,)C00H 


a very strong growth of Englena was produced, bacterial growth being at 
first slight, but increasing after some time. Sinoe this compound resembles 
tyrosin in being very insoluble, it was added to the media m a solid form 
Attempts to grow Euglena in saccharin. 






SO, 

CO 


>NH, 


showed that this substance prohibited all growth of the oiganism 
The negative results obtained with phenyl glyooooll and with saccharin 
showed that, at any rate, the mere presence of the benzene ring was not the 
essential factor for the growth of the Euglena. , 

fimoe the substaaoes that are most successful for the propagation of 
Bnglena, namely, tyrosin and phenylalaniao, are only very slightly soluble, 
so that exceedingly weak solutions are used, and siooe, on this account, 
heoterkl growth in these solutions is very slight compared with that which 
ooenrs in the stronger solutions of alanine and glyoin, it seemed possible 
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that the strox^ growth of the Euglena xnight be connected with the slight 
bacterial growth 

To teat this hypothesis, lesser amounts of alamne and glycocoll were added 
to the Miquel mixture 

From 0*2 cc to 05 cc were added to 10 cc of the optimal Miquel 
mixture In cultures started from a nng of encysted forms it was found 
possible to obtain extremely good growths of Euglena by this means, the 
baotenal growth being very much lessened 

It is thus obvious that the Euglena can use alanine and glycocoll, as well 
as tyroBin and phenylalanine, provided its giowth is not inhibited by the 
rapid development of bactena, such as always takes place in the glycocoll 
and alanine solutions when they are too strong This result is of importance 
as indicating that the amido-acids are used as such by the Euglena, and not 
after being decomposed by bacterial growth Thus, attempts made to grow 
Euglena in tubes containing an alamne medium in which bactenal decom- 
position had proceeded for a long time were entirely unsuccessful 

It 18 interesting to notice m this connection the fact mentioned above that, 
in the case of tyroain, the addition of the solid substance to the tubes causes 
a considerable bactenal growth, which, after about three weeks, was sufficient 
to inhibit the proper growth of the Euglena Nencki* has shown that, 
under the influence of anaerobic bacteria, tyrosin isoonverted into oxyphenyl* 
propionic acid, 

OHi'^ 

Vj CH»OH,COOH. 

aud It is probable that, under the aerobic conditions met with in the cnltnre 
tubes, farther decomposition into oxyphenylocetio aeid and phenol takes 
place. 

Decomposition along similar lines occurs when phenylalanine is sabjeoted 
to baotenal growth, phenylpropionio amd and pbenylaoetic aoid being 
formed. Thus, when tyrosin and phenylalanme are added in the solid 
condition, their solattons are sufficiently strong to allow a growth of 
baotena, which decompose them into phmiol denvatives that are harmful to 
the Euglena growth 

We may suppose that, in the same way, hannful products are produced 
by bactenal action on alamne and glycocoll, so that the Euglena is prevented 
from develoinng in the solutions of a strength adapted to the growth of 
bacteria. 

Other nitrogenous compounds have been tned, eg urea, uno add, and 
* Nenoki, *Ber d. DeutKdi. Chem. GtMoIbdi,* 1674, p. 1693 
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allantoin. All these Bubstaaces gave native resulte, and no growth of 
Euglena could be obtained in optimal Miquel mixture to which these 
aubstanoes were added 

Thus, no substances other than compounds of the aimdo^acid type, have 
been found suitable for stimulating the growth of the Euglena. 

If we enquire into the part played by the amido aads in the nutrition of 
Euglena, it may first be noted that the Euglena is obtamu^ the greater part 
of Its nutriment from the COg of the air and from the mmeral substances in 
the Miquel mixture. This was readily proved by keepmg a control tube, 
containing the optimal Miquel solution to which tyrosin had been added, m 
the dark, in which case the growth of the Euglena was at once arrested 

(fig 2). 

It must also be pointed out that the amount of aiuido<acid present in the 
optimal culture medium is exceedingly minute , ey in the case of tyrosm 



Fio. S — Fhotograidi showing the Growth of Euglena m Miquel Mixture and Tyroein, 
in the dark (tube 0), and m the light (tulie D) 

Photographed three weeks after inoculation. 

aoltttion the amount of the salt is only 1 part m 24,000 of liquid It is very 
Remarkable that so minute a trace of orgamo matter can make so great a 
dlfRsrenoe in the[rapidity of growth and reproduction m an organism as shown 
in the fi.rBt photograph (fig 1) It would appear that the organic substance 
acts more as a stimulant than as a direct souioe of nutriment. 
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The facts observed in the culture of Euglena may be summaneed as 
follows • — 

(a) In solutions containing no oiganic matter, the Euglena mcreases very 
slowly 

(b) By the addition of a trace of organic infu^uon to the solution of morgamc 
salts, a good growth of Euglena cun often be obtained 

(c) The efficacy of the natural organic infusion in stimulating the growth 
was very variable 

((f) Minute traces of amido-acids added to t^ie morgamc solution had a 
remarkable effect in stimulating the growth of the Euglena 

(e) Stronger solutions of amido-acids were less successful owing to the rapid 
development oi bacteria in the medium, 

(f) The Euglena does not appear to live saprophy tically on the amido*aoid> 
sinoe it cannot be made to tlirive in the absence of light 

2 JSxpermenis mth Soil Protozoa,^ 

The method of growing Protozoa in solutions containing a mixture of 
Miquel in tap water to which various organic compounds are added was also 
applied with a view to studying the protozoal fauna of vanous soils 

The mode of procedure was similar to that employed in the experiments 
on Euglena The cultures were made m stenhsed test-tubes to which the 
optimal Miquel solution was added, the solutions also being carefully stenhsed 
Vanous organic solutions were added to the various tubes, which were 
inoculated by addmg a small amount of soil to each tube. This method was 
found to be particularly suited to the culture of the mmute soil flagellates, 
more especially Frawaxekia temcola descnbed by Martin.! 

The followmg Table shows a typical senes of cultures conducted as 
descnbed above ; — 


* See Br Euseel and Dr Hutchison, the Effect of Partial Sterilisation of Soil 
on the Production of Plant Food,** ^Jouni. Agric. Soi./ toI, 3 , part 2 (1909); also 
Goodey, ‘Hoy, Soc. Proo,,* B, voL 8^ p 165 (1911) 

f 0 H Martin^ * Zool Anzeiger,' vol 41, No 10 (1913)* A flagellate m onads 
to that descnbed by 0 H Martin (' Boy Soc. Proo B, vol 86, 1912)t was found in smalt 
numbers in our cultures. 
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Compovition 


InoouUttou, 
Maroh 8 


4 0 c M.iquel top + 800 top — 

1 •floe cooe ougar solution 

2 -f solid tTrosin 

8 4 solid phenylalanine 
4 -floe eane sugar 

6 stolid tyrosin 

0 <f solid phenylalanine 

7 •flee oane sugar 

8 + solid tyrosin 

9 •f solid phenylalanine 

10 •f 1 o 0 ouie sugar 

11 solid tyrosm 

12 4* solid phenylalanine 
18 4-100 cane sugar 
14. •f solid tyrosm 

16 >4 solid phenylalanine 


Controls Not^ 
I inoculated 


Inoculated with 
stole manure 


Inooulated with j 
^ leaf mould 

Inooulated with^ 
ploughed soil 

Inoculated with 
• soil under •• 

I grass land. 


Obserrations on March 13 


Few bacteria only 
I Sterile 
I Sterile 

A few soil flagellates Some oiUatei 
Very large numbers of soil flagellates 
and of soil amosbos 

Large numbers of flagellates 1 a few 
oiliates 

A few soil flagellates 

Very Urge numbers of flagellates 

Large numbers of flagellates* 

Very few flagellates 
No flagellates 
Very tow flagellates 
No flagellates 
Very tow flagellates 
Fair number of flagellates 


The above Table illuatiates the fact that vrbilo the minute soil flagellates 
thnve beat in tyroam or in phenylalanine sointiona, yet they are able to 
develop m solutions containing cane sugar. Cultures were made with the 
object of ascertaining the effect of various other organic substances on the 
growth of the flagellates The flagellates in these cultures were denved for 
the most part from a stock tube of Kngleua culture in tyrosm, in which 
Prowazekia was also very abundant. The following lut embodies the results 
obtained with various organic substances Save where otherwise mentioned, 
the organic compounds were added m the proportion of 1 c c of a 1-per-oent 
solution to 10 0.0 of the optimal Miquel mixture lu tap water 

Growth of the flsgellatee 

Peptone . . .... Good growth 

Tyrosin (OH 0«He.CH»CH(NH,) COOH) . .. . Very strong growth 

tl^roBin (added solid) Optimum growth. 

Phenylalanine. CaH».CHa.CH(NHs)COOH (added solid) Strong growth. 
Alanine CH}.CH(NHi) COOH (06 co. of 1-per-cent 

eolation) Fair growth 

Glycoooll, CIls(HHa) COOH Fair growth 


Fhenylglyooooll, C«Ha.CH(HHa) COOH . . . No growth 

AHantoia No growth 

Sooobann ... . No growth 

Omo sugar Good growth 

Ikrtanoaoid No growth 


These oultures showed tliat the soil flagellates were able to grow in tubes 
otmtaming a large variety of organic substances, in many of which Euglena is 
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unable to thrive iniia ia tbe result 6t the bobaoiD mode <4 nutrition of i3i0 
flageUatea. whioh feed greedily on the bacteria in the oulfeara and are Akraya 
to be found in greateat abundance in the bacterial acum at the aur&oe 

Ihe development of the soil dagellatea in the culteie is ' evidently 
dependent upon the baotenal flora in the tube. In the ^rnein media the 
bacterial growrii reachea its most favourable degree for the development of 
the flagellates. In the case of cultures m media cmtaining ahuiine it n 
floequeutly found that the flagellates fail to attain their maximum growth, 
being probably swamped by the excessive numben of bactem. 

In order to discover whether the Miquel salts were necessary for the 
growth of the soil flagellates, a culture medium was made up by adding solid 
tyrosin to 10 ox of tap-water, and this was inooulated with a strong cnltme 
of Prommima Urrvxla This culture entirely failed to develop, zemaimng 
almoBt entirely free even of bacteria, which were evidently unable to develi^ 
satisfeotonly in the absence of the salts of the Miquel solution. 

!nie Pfowasekia were observed to flourish m onltures oontoining very 
varied types of bacteria. In order to disoover whether the flagellatM 
exercised any selective faculty when feeding upon the baotena, a number of 
smear preparations were made from different cultures. The films were fixed 
with corrosive aoetic or with osmic vapour, and were stained with iron 
lisematoxylin These preparations showed that bacteria of all the types 
surrounding the flagellates were ingested in quite a ^misonous manner (sse 
Plate 12). 

Ihe cultures mooUlated with vanous soils, both in the teet-tuhee and in 
drop cultures which wore also made, show the enormous abondanoe and wide 
dietnbution of these minute flsgellatea as oompared with other acdl protosoo. 

Althouj^ (uhates and amoebe often fad to appear in tuhea inooulatad with 
a very small quantity of soil, yet all the types of soil that have been tried 
have yielded at least some Ptowasekia when inoculated into the appn^cieto 
ooltute media. The organism has also been fonnd in water end in wi^ 
firom an open-sir tank. 

The very rapid increase of these minute flagellates is also very noticeehle. 
Under the optimum culture oondittons It has been found posai^ to obhdn 
a strong growth of the flageliates withm 48 houxs of the tune Of inooulationr 
On the other hand the larger protMoa, tuifli as the mhatee, do not beomme 
even noticeable in the tubee until a wedt or so has elepeed. 

The great abondanee and wide distribution of the minute flag^Jates, tshan ^ 
in ooojunotion with their rapid powarti of inmease, suggeet that in 
probability they am of much greater impixtaiiee than the larger sofl protoioia.' 
as a factor in the destruotion tit edl besteria- ' ' 
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HiB eaw with which Prowazekia oaa be grown in onlture media oontainu^ 
l^rdsin suggests tlie posnbihtj of investigating its distnbutioa in variona 
types of soil Experiments in this direction are at present very incomplete, 
but as far as they go they tend to show that nch manure soil or leaf mould 
oontains a considerably greater number of the nunnte flagellates than less 
rich soils. This is well seen in Table II (Compare Nos. 4-9 with 
Nos 10-15.) 

In summing up the points observed in the cultures of soil flagellates we 
notice the followmg facts — 

(o) As compared with Englena they are aUe to live in cultures to which 
oigamc compounds of very varying natures have been added 

(5) This comparative impartiality is the result of the holozoic mode of 
nutntion, the development of the flagellates being absolutely dependent on 
the baotenal growth 

(e) The presence of the Miquel salts m the solution is necessary for the 
growth ot the soil flagellates and for the proper development of the baotana 
upon which they feed. 

(d) The flagellates can feed upon a variety of different types of bacteria. 

i 

BBSOEIPriON OF PLATE. 

Soil FlagollatOB from a Culture oontaimug a Mucecl Bacterial Flora^ eliowing 
VMnoua Types of Ingested Bacteria, x 2000 

Figs. 1->S —Two individuals containing ingested bacilli. 

3 ...^ — ^Individuals oontaining cocci of two kinds 
y, 7-8,— Two individuals containing partially digested bacteria 
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The Validity of the Microchemiccil Test for the Oxygen Place in 

Ttsauea. 

By Alax ST Dburt, B A , Shuttleworth Student of Gonville and 

Caius College 

(Conimumcated, with a Note, by W B Hardy, F K S Beceived April 26 ,— 

Bead June 18, 1914 ) 

(From the Phynological Laboratoiy, Gambnd|{e ) 

In the last few years endeavours have been made to locate precisely 
certain reactions known to occur in the living cell , and much work has been 
done especially on the reduction place, the oxygen place, and the position of 
oxidases and peroxidases 

The reaction relied upon to indicate the position is always one involving 
a colour change , as an example, Unna’s* method of fixing the oxygen place 
in the cell may be chosen He uses foi this purpose a solution of rongaht 
w 1 ute,t which is a solution of the leucobase of methylene blue kept in a state 
of reduction by excess of rongaht, an adsorption product of formalddiyde 
with sodium sulphite. This solution is not affected by air or by light, but is, 
accoi'ding to Unna, a test for active oxygen. He places the section in a 
solution of rongaht white for one minute, then washes in a huge volume of 
water , when, the reducer having been washed away, the tissue is able to 
show Its abihty to oxidise, and all the tissue elements which are capable 
of effecting an oxidation are blued owing to the oxidation of the methylene 
white to methylene blue. 

Unna has noticed that it is possible to abolish the stainmg of the oxygen 
place by rongaht white, by the action of heat, neutral salts, alcohol, phenol, 
and other protoplasmic poisons, while an ordinary nuclear stam is not thus 
affected. Also the intensity of staimng can be altered by previous treat- 
ment with alcohol, formalin, or gum, while the action of a nuclear stain is 
unaltered. He, therefore, asserts that the stamed portions of the tissue are 
the oxygen plaoea 

It 18 to be noticed that these comparisons are made between a very complex 
mixture, namely, rongaht white, and a simple solution of a dye, so that they 
are of little value unless controlled by an exact detenmnatum of the influence 
of the constituents of rongaht white on the absorption process 

* “Die Xteduktumiorte und Saueretofforte dee tienedien Qewebe^" P. O TTnaa, 
‘ Arch fUr Mikr Anet ,’ vol. 78 (1911). 

f “ Zur Ohemie der Haut. &— Hautreageatien,’* Unna and Oolodets, ‘Monataliefte (. 
Prakt, Dermat ,' vol 60, p. 461 (1910). 
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ITtma clums also that methyl green picks out the oxygen foci of the oeU, 
and on expenments with this and other dyes he bases a claim tiiat staimng is 
controlled by the oxidising or reducing properties of the sabstances exposed 
to the stain 

Neither expenments nor conclusions are above cnticism. The problem of 
dyeing is to discover the conditions which control the condensation of the 
dye on to a surface separatmg a solid from a fluid The presence of oxygen 
must affect the process, since, like any other chemical substance, the oxygen 
will contnbute to the chemical, eleotncal, and meoliamoal potentials which 
determine the degree of condensation , the purpose of this paper, however, is 
limited to the proof by exact physical experiment that there is no special 
connection between the presence of oxygen and the process of dyeing 

Hsrpenments vnth Stlk. 

The first substance tried was silk, and the procedure was as follows A tubd 
was arranged which had a three-way tube jomed to it, down one of which 
nitrogen gas could be passed, down the next rongaht white solution, and down 
the third nitrogen water, so that they could be changed one to another by 
closing or opening taps 

The rongaht white was freed from oxygen by passmg a stream of mtrogen 
through it for about six hours, the nitrogen itself having been passed 
through potash bulbs and bottles containing alkaline pyrogallate, to ensure 
that it did not contain oxygen 

The water was boiled for 10 minutes and was cooled, while a stream of 
nitrogen passed through it The silk was fixed in the tube and some 
mtarogen water was passed over it, the water was then turned off and 
mtrogen gas was passed over it ; after an hour or so the gas was turned off 
and water again allowed to flow over, this agam bemg replaced nitrogen 
gas. Such a procedure was earned on for 5-7 hours The rongaht white 
was then allowed to flow into the tube, and, after it had covered the silk for 
1-2 minutes, the excess of rongaht was removed by a stream of mtrogen 
water flowing for 5 minutes. The tube was then opened to the air In no 
case was any blueing observed until the tube was exposed to the air 

The expenment divides itself into three stages — 

1. The exposure of the silk to the rongalit white solution (under nitrogen) 

2. The washing off of the excess of the rongaht still imder nitrogen. 

No signs of blueing were observed in these two stages 

S. The exposure of the silk to the air, when the methylene white is 
oxidised to methylene blue. 

The staining, as it is usually understood, namely, the condensation of the 
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solute on to a surface, takes place in Stage 1, so that it la obvious that this 
stage can occur in the absence of free oxygen — that is, of oxygen other than 
what may be still clinging to the silk surface The final effect, namely, the 
development of colour, is no part of the staining process, and is not an 
indication that the surface of the silk has any special afiinity for oxygen, or 
IB a place where oxidation is taking place 

Such experiments as this, however, and similar ones, with gelatine, agar, 
and the gel of silicic acid, leave the fundamental proposition, which seems to 
be the basis of Unna’s woik, untouched, namely ,*that the condensation of a 
basic substance with a high avidity for oxygen, such as the reduction 
product, the leucobase of methylene blue, or of the fully oxidised coloured 
body methylene blue, occurs either where oxidation is taking place or where 
there is a condensation of oxygen To disprove this contention it is 
necessary to show that condensation may occur on to the surface of a body 
already fully oxidised, and completely freed from the him ol condensed 
oxygen, which adlieres so tenaciously to sohd surfaces which have been 
exposed to air As is well known, a solution of a basic dye filtered through 
a layer of sand is decolorised, the dye being condensed on to the sand 
particles , sand, therefore, was chosen 

Expenments with Sand 

The procedure was as follows ’ — About 2 mobes of sand were packed m a 
small combustion tube, having a pad of asbestos at one end to prevent the 
sand from washmg through, when the various solutions were passed throng. 
Hydrogen, prepared m a Kipp apparatus, was washed in water to remove 
acid, passed through a strong solution of olkahne pyrogallate to remove 
oxygen or traces of acid still remaining, and finally passed through a long 
tower of calcium chlonde to remove water 
The apparatus used was similar to that used for silk, save that tiie 
three-way tube was fixed on to a combustion tube whidi contained the sand. 
The sand was heated to redness in a furnace, and the purified hydrogen 
passed over it while it was in this condition The heatmg was followed 
cooling, and this by heatmg again, still, of course, m a stream of hydrogen, 
and this was followed by cooling once mote m a stream of hydrogen. These 
senes of operations were earned on for three to four hours, so as completely to 
bum off the oxygen.* After the sand had cooled in the atmosphere of 
hydrogen, rongalit white solution, freed from oxygea by pawnng 
gas through it for six hours, was allowed to flow in. It was allowed to stay 

* Oompare “ Contact Electricity, ’* E M Spiers, ' Phil, Mag ,’ Stii sefn vnl. 4A TUrt 1 

(1900). 
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lu the tube for one or two uunntes, after which it was washed through by a 
stream of nitrogen water 

The sand was then treated in one of two ways — ^it was either kept in the tube, 
the two ends of which were open to the air, or it was washed through by the 
nitrogen water on to filter }>aper. The object of the second procedure was to 
ehmmate the possibility that it might be only the eolation of rongalit white 
trapped between the sand grains that underwent oxidation, the methylene 
blue so produced being taken up by the sand If any snob trapped solution 
exists, it IS rapidly taken up by the filter paper 

The results which the first method gave are interesting. It was noticed 
that no blueing occurs for a considerable time, although the tube has been 
full of air That is to say, the hydrc^n which has replaced the oxygen on 
the surface of the sand continues in possession of that surface for some time 
after it is brought into the presence of oxygen A sumlar condition is met 
with in the case of iron , if the oxygen which is normally condensed on the 
surface of the iron is completely replaced by a layer of hydrogen, the 
potential difierence between the non and another metal plate is changed 
When the iron is brought mto the presence of air the reversion to the 
original potential difference is very slow, thus showing that the hydrogen is 
only slowly displaced from the surface of the iron.* 

Details of an Rcpennunl 

3 10. Sand heated to redness and hydrogen passed through. 

3.40 Allowed to cool in a stream of hydrogen. 

3 60. Again heated to redness in hydrogen stream 

5 0 Allowed to cool in stream of hydrogen 

5 15 Bongalit white solution passed through and allowed to remam in 
contact with the sand for one mmute There was no appearance 
of any colour at alLf Nitrogen water was then passed through 
for three minutes , again there was no sign of colour m the sand 
The nitrogen water was then driven through by a stream of 
nitrogen gas 

5 25. Tube opened to the air and shaken to disturb the gas inside the tube. 

6.40. No colour 

6.0, No colour. 

6 30. Slight blue colour beginning to develop 

From this tune onwards the colour gradually develi^d and deepened, 
till at 12.0 it had become dark blue. 

* Loe, oA., pi £. 

t OrcUnary amd whan plaeed in rongalift solution toms a grsen>blns colour. 
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The method of spreadmg the sand on to diy hiter paper gave eiinilar 
results. 

1.80. Sand heated to redness, stream of hydrogen passed over 

2 0 Sand allowed to cool in hydrogen 

2 10 Sand again heated in hydrogen. 

2 40. Sand allowed to cool in hydrogen 

2 50 Sand again heated m hydrogen 

3 20 Sand allowed to cool in hydrogen 

3.30. Bongalit white solution allowed to flow in and to remain in tube 
for one minute This is followed by a stream of nitrogen water 
There was no sign of colour during these two stages 

3 46 Sand washed out on to filter paper , no colour. , 

4 0 Slight blue*green tmge through the sand 

5 15. Sand had become much deeper blue, the mtensity of which contmued 
to increase for some hours 

This experiment agrees with the former in every particular, except m tlie 
time taken for the first appearance of the blue colour This is a diflbrence 
rather to be expected than otherwise, as in the washing out on to the filter 
paper tlie surface would be very much disturbed, and consequently the 
condensed hydrogen would be more rapidly displaced. 

That the oxygen>free surface clmgs tenaciously to the rongalit white 
condensed on to it appears from an expenment earned out in the same way 
as the preceding The sand was freed from oxygen, and then the oxygeu>i^ 
rongalit-wliite solution was passed over for one minute After this the 
nitrogen water was allowed to flow through until the water as it emerged con- 
tained only very minute traces of methylene white. The sand inside the tube 
was then exposed to air on filter paper, and it developed a qmte appreciable 
blue colour. There is thus no doubt that sand freed entirely from oxygen 
not only condenses methylene white on to its surfkoe, but also holds it with 
a certain degree of pertinacity. 

Mspermmts on the Effects qf tke Gases condensed on the Sut/aee on the Condtmsa- 

turn of Methylme Bhu 

1 Osygesi — A small combustion tube was filled with two inohee of sand, 
having at one end a plug of asbestos to prevent the sand from beiag moved 
by the solution as it passed through. 

Through this tube a solution of metliylene blue was allowed to flow by 
gravity. The effluent was at first colourless, but with oH jaww as the 



Microc^iUKtl the Oxygen Plaoe in Tiesuee 171 

sand became saturated to the dye the colour increased to an intensity indis- 
tinguishable from that of the solution sent in 

2 Hydrogen — The sand was alternately heated and cooled in an atmoiqihere 
of hydrogen gas completely to remove the oxygen. When it had cooled down 
in the hydrogen gas a solution of methylene blue of the same strength as was 
used above, but which had been made up in oaiefnlly boiled water, and had 
had nitrogen gas passed through it for six hours, was allowed to flow through 
by gravity as before Samples of equal volumes were collected at the other 
end, and these showed an exactly similar graduatiou from colourless to the 
colour of the solution sent in. 

If there was any quantitative difference in the amount of condensation of 
methylene blue in the two cases, it could not bo shown by such an expenment 
This point will be dealt with later. 

It will be noticed here that sand whose surface is freed from oxygen and 
occupied by a film of condensed hydrogen will condense methylene blue from 
a solution so as completely to decolonse it 

In the face of these results it is difficult to lay more importance on the 
results obtained by Unna than that he is merely picking out the basophile 
portions of the tissue with the rongaht white, the stainii^ bemg modified, 
as might be expected, by the presence of the alkaline reducing substance, 
rongaht 

The methylene white and the rongalit would both saturate the tissue with 
which they are brought in ooutaot, but the rongaht is more easily dislodged 
than the methylene white, so that the basophile parts of the cell to which tiie 
latter ohngs would show a blue ooloratioa owing to the oxidation of the 
methylene white to methylene blue 

Qmntttattve Hxpenrnenta on the Effect of Oxygen upon the Amount of MUhgUm 

Blue erndmud on to Sand 

The preceding expenments show that the presence of oxygen at a surface 
IS not necessary for the condensation of either the highly oxidisable leucobase, 
or of methylene blue. We now proceed to the further question, how hur does 
the film of ooudensed oxygen favour condensation or the reverse ? It will be 
seen that it actually lessens condensation of methylene blue. 

The following expenment was made. A solution of methylene blue was 
made and divided into two parts, one of which was freed from oxygen by 
passing nitreigen through it 

Two combustion tubes were filled with similar lengths of sand, and were 
heated in a furnaoe. Over one was passed a stream of hydrogen to reidaoe 
the oxygen, and over the other a stream of air was passed. The tubes were 

VOL. LXXXVIII.— B. 0 
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heated for three hours aud one hour respectively and were idlowed to cool in 
their respective gases. The sand was then tamed into the methylene Une, 
the hydrogen sand into the nitrogen methylene blue, the air sand mto the 
air methylene blue. 

After they had remamed in the meUiylene blue for equal penods of tune, 
the solution was decanted off, aud the sand carefully dried, the mtensity of 
blueing of the sand showing a veiy appreciable difference even to the eye 
The solutions of methylene blue were compared by means of the colorimeter 
with the ongmol solution The sand was heated strongly to vaporise the 
methylene blue on its surface, and was tlieu weighed 

Acamnt of a/n, JSaspenmeni —Sand was heated in a hydrogen atmosphere for 
three hours, and cooled in an atmosphere of that gas , it was then put mto 
nitrogen methylene blue solution for five minutes The sand was decanted 
off and was compared with the onginal methylene blue solution by means of 
the colorimeter. The sand was dried, heated to volatihse the methylene 
blue, and weighed. 

A similar quantity of sand was hkewioe heated m a stream of air for three 
hours, cooled and put into ordmaiy methylene blue solution of the same 
strength fur five mmutes, decanted off and compared with the onginal solution 
by means of the colorimeter The sand was dned, heated, and weighed. The 
same volume of solution was used in both cases *— 



wt 

Sol 

Qng ml 

A — Sand heated in hydrogen 

176 

08 

05 

B.**^ , ,, air . . . ... 

1-03 

076 

0-6 


The result can be represented as columns of methylene blue eolations on 
the same base and ooutaimng the same amount of dye 

Onginal solution . . 5 

Solution A . . .. 75 

Solution B ... .. 126 

This experiment shows that the gas condensed on the surface plays an 
important part in the depth of staining which the surhuie undergoes. An 
explanation is, perh^is, to be found in the alteration of the electncal potential 
of the surface 

The EffM of Certain Chomml SvhsUmta on the Amount tf Mtihiffiene Mue 

Condeneatwn on Sand. 

In the following experiments the sand was shaken up with the subetanoe 
to be tested, and washed in water The methylene blue solution was then 
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added aud ahakea for one minute, allowed to aettle for one nunute, after 
which It was decanted off, the solution was then oompated with a sample 
of the original solution by means of the oolonmetor The same volume of the 
methylene blue solution was used in every case , the sand was finally dried, 
heated to volatilise the methylene blue condensed on Idle surface, and weighed 
The following results were obtained. 

The ordinates represent the heights of columns of methylene blue solutions 
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on the same base and oontamuig the same amount of methylene blue, and 
consequently the relative desaturation of the original solution 

A The height of the column of the onginal methylene blue solution 
with which the various solutions were compared. 

B Ordinaxy sand. 

C Sand previously treated with gum 


D. 

SI 

>t 

chloroform 

£ 

fp 

If 

formalin 

F 

>» 

If 

rongaht 

G. 


II 

merouno chloride 

H 


II 

soap. 

I. 

>» 

II 

00^1 alcohol 

J. 

» 

»» 

caprylio acid 

K. 

» 

II 

_p-oymol 


These results diow, as might be expected from theory, that the previous 
treatment of the sand has a large uifluenoe on the amount of methylene blue 
oondensed on the surface 
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Summary. 

Expeiiments were made which prove that the lesulta obtained by Unna with 
rongalit white do not justify his assumption that it is a specific stain for the 
oxygen place in tissues , consequently bis theory of staining by oxidation and 
reduction is not proven Further exponments woio performed to find the 
effect of the gases condensed on to a surface upon the depth of staining. 

Altenng a surface by preliminary treatment with various chemical 
substances also has a marked effect upon the sqbsequent condensation of 
methylene blue 

I should like to express my thanks to Mr Hardy for help and cnticism 
The expenses of this research were defrayed by a grant from the Thruston 
Memorial Fund, Gonville and Cams College, Cambridge 

[Note by W B Hardy — The fundamental uncertainty in all microchemical 
tests, and perhaps especially in those for oxidation places, may be put as 
follows — It IB easy, as the writer foiuid many years ago, to get discnmi- 
nating colour reactions m sections and unfixed cells with oxidisable bodies 
such as Wiirster’s tetra-substance, which is a singularly delicate test for 
what 18 called active oxygen — that is to say, for oxygon whose chemical 
potential is raised above that of atmosphenc oxygen by, eg, ionisation or 
the formation of peroxide When oxidised it becomes a vivid puiplo and 
the purple reaction is given very defimtely by, eg, the basophUe granules 
of leucocytes when the cells are exposed to a trace of the substance But 
the tetra-substance is itself unfortunately a basic substance and would 
therefoie be condensed from solution by the basophile granule in the 
ordinary piooess of staimng 

There appear to be three possibilities, and experiment seems unable to 
choose between them — 

1 That the basophile granule is in fact a region where active oxygen 
18 produced, eg, m the course of some local oxidation process 

2 That the tetra-substance is oxidised indiscnminately about the ge«tii> n 
during manipulation, in the course of which it is probably exposed to the 
combmed influence of evaporation and light,* and that it is subsequently 
condensed on to the basophile granules by a simple stainmg process. 

3 That m the process of condensation of aii ox id isab l e body by sn rfa ee 
energy its chemical potential is raised, so that oxidation, which would not 
otherwise occur m the presence of atmoisqiheno oigigen, actually does occur 
It must be noted that the condensation is due solely to surface forces, 

* l^Arcy and Hardy, 'Journal of Physiology,’ voL 17, p. 880 (1884). 
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and baa nothing to do with the partionlar sorface being one speoially 
prone to oxidation or reduction In this oonneotum I am not foigetting 
that, when onoe completely condensed, the ohenuoal potential of tiie 
oxidisable substance is no higher than (it is in fact identical with) what 
it IB in the solution , but many instances show that during transition the 
molecules are under stresses which may find relief in exceptional ohemical 
activity. For instance, the exceptional electrical and chemical properties 
of gases entering or leaving the surface of platmum ; the high chemical 
potential of condensing oxygen in Prof Bone's expenments on surface com- 
bustion, wlule by contrast a fully condensed film of oxygen on metallic iron 
does not oxidise the iron Boberts’ expenments on the volatdisatiou of 
metals, perhaps, are also a case in point. 

During condensation local heat changes occur, the sign being determined 
by whether the solution of the substance condensed is endothermic or 
exothermic Let heat be liberated when condensation occurs, the relation of 
solvent and solute being such that heat is absorbed during solution The local 
liberation of heat will oppose condensation and the velocity of condensation 
becomes a function of the rate of dissipation of heat. In the well known 
case of an over-cooled fluid phase the dissipation of heat may be so slow as 
completely to arrest the change of phase * If the substance which is being 
condensed under these conditions is chemically unstable, chemical cliange of 
the nature of oxidation, reduction, dissociation or association may be caused 
locally by the enormous molecular stressea 

This third possibility considers a surface not as spemally a place of oxidation 
because, for instance, oxidation of Wdrster’s tetra-substance occurs there, but 
as a surface which condenses basic substances In this process oxidation 
of a basic body may occur, but an equally oxidisable acid substance would 
escape change 

Mr, Drury’s expenments clear the ground for further discussion to this 
extent — they prove conclusively that the condensation of a so>called test 
substance for “active” oxygen or a simple banc dye not only will take 
place on to a surface wholly devoid of oxygen, but is actually hindered 1^ the 
existence thereon of a film of oxygen 

It must always be remembered that an oxidation place is also a reduction 
place, and it is to be called the one or tlie other according to the partioular 
aero which is chosen. A convenient zero is the chemical potential of 
atfflospheno oxygen, and a place would be an oxidation place if oxygen, whose 
ohenuoal potential is fe that of atmospheric otyigeq, la condensed to the intra- 
molecular state. Sueh a region would tiien be a reduction place for ohmnioal 
• B. A. Wilson, 'OSmb HiiL Froo.,’ vol 10, p 85 (1898) 
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compounds in which the oxygen potential is S that of atmospheric oxygen, 
and an oxidation plaoe for substances m which it is less than that of 
atmospheno oxygen In the absence of some agreement as to the zero point 
the discussion is likely to be as confused in the future as it has been m the 
past] 
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Stxidies oji Enzyme Action. XXII — Ltpcise (IV) — The Ctyrr^latwti 
of Syntket%e and Hydrolytic Aetimty 
By Henry E. Armstsono, F.B.S , and H W Qosnby. B Sc 
(B eceired and read April 30, 1014 ) 

In the previous communication on this subject, m which the behaviour of 
Lipase towards ethereal salts generally was discussed, it has been argued 
that tile enzyme is specially fitted to determine the hydrolysis of the 
insoluble, mly, glyoeno salts of the higher fatty acids but is not suited to 
act in aqueous solutions . we expressed the opinion that mteiaction must be 
supposed to take plaoe at and between surfaces separated only by a thm 
film of water at most — m other words, that water m excess is mimical to the 
ocourrenoe of change The results we advanced, m conjunction with those 
deduced from the study of other enzymes, notably urease, also led us to 
conclude that it is impossible to apply the laws of miw action diteotiy 
to the interpretation of the changes efibcted by Lipase 

Previously we have directed our attention only to the hydrolytic activity 
of the enzyme numerous observations are on record which prove 
whether of animal or vegetable origm, it can act reversibly but no com* 
parative study of the two processes has been made hitherto in theoaseof &ts.* 

* (1> Eaitle and LOwenhardt, ‘Amer Ghem Journ., ’ vol 84, p 49L (8) 

•Oompt Bend.,’ vol 188, p 818 (1901). (8) Pcttevin, iM, vol 180, pu 1188 <1808)} 
(4) ‘ Bull Soa Chim III, vol 36, p. 898 (1908X (5) Diets, <Zeit Phyeiol CbemV yoL 68, 
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In view of present, ignorance of the teanner in which fate are formed in 
the organism and the deBirabilit 7 of determining the extent to which their 
Bjuthesis can be effected, under various conditaons, we have earned out 
a senes of parallel experiments to ascertam the limits withm which the two 
opposing changes take place m presence of different proportions of the 
interacting substances and of water. 

In the first series of synthetic expenments, 4 84 grm of the fatty adds 
from ohve oil (the amount equivalent to 5 grm of the oil) was used, in each 
case, together with the quantity (053 grm) of anhydrous glycerol that 
would be required if the whole of the fatty acid were to be converted into 
tnglyoende 

The acid and glycerol were weighed into a 50-co. Jena glass flask 
together with 05 grm of the enzyme preparation and 0 5 cc. of toluene 
The flasks were closed with rubber stoppers and kept slowly rotating in an 
meubatorf maintained at 30° C duiiug the times stated Alcohol was then 
added and the residual acid titrated with a normal solution of caustic soda. 
Each determination was made in duplicate and control experiments were 
carried out simultaneously with a preparation that had been boiled with 
water to destroy the activity of the enzymes The results are given in the 
following table — 


Table I — Synthesis of Fat from three Molecular Proportions of Amd to 

one of Glycerol 


Time 

Additj of oontrol 

Acidity of mixture couteiumg 
eusyme 

Feroeutage of ecid 
oombined 

hours 

1 

17*00 

16*78 

16 71 

a 0 

2 

17 -07 

14 90 

16 08 

12 4 

4 

17 06 

18-00 

18 08 

28 0 

a 

17 04 

11 87 

11 20 

83 6 

17 

16-08 

10*61 

10-61 

87 9 

80 

16*01 

10 68 

10 87 

38 0 

60 

16 66 

10 48 

10 83 

39 2 

70 

16 70 

10 47 

10 62 

88 3 


p. S70 (1907) (6) Hamuk, ^nd., vol A9| p 1 (1900) (7) Bradley, 'Joum Biol Oheiii,’ 
vol, 8, p. 861 (1010) (8) Xsylor, 'Umv Galtfonua Pab Bath,’ voL 1, p 38 (1904), 

(9) ‘ Joura Biol Ohein.,’ voL 8^ p. 108 (1906) (10) Fokin, ‘Chem Bev Fett>a-Han. 
Indust ,* voL 13, p 888(1908) (11) Welter, 'Zeit. angew CSwaue^* voL 84, p. 386 (1911) 
(IS) Dunlap and QUbei^ ‘ Amer Chem Boo. Joum ,* vol 83, p. 1787 (1911). (18) Eraoas, 
*2^t. angew. Obenue,’ voL 84, p 889 (1811X (14) Jalander, 'Bioohem. Zeit,' voL 38, 
p. 486 (1911). (16) Bonmot, ibiA, vol. 68, p. ITS (1918) 
t That deaonbed m the previoue oommonication ('Boy Soo. Froc.,* B, voL 88; p. 689). 
It may be noted that the figure there given » pnnt^ upside down 
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To discover 'whether a true equili^ritun had been reached or whetlier the 
action had ceased owing to the destruction of the enzjme, 0*5 gnn. ot 
enzyme was added to the system after the expiration of 24 hours and the 
mixture was titrated at the end of a second period of 24 hours. Experiments 
were also made in which 0 5 and 1 grin of the enzyme were allowed to act 
during 48 hours before titrating the resulnal acid. 


Pemntoge of acid 
com&ned 


0 6 gm eoxymo during 24 hours 
0 6 48 

1-0 48 

0 6 24 

Together with 0 6 grm« during a second 
period of 24 hours 


The slightly lower activity observed in the experiments with 1 grm of 
enzyme may have been doe to the shght amount of water mtroduced with 
the preparation 

Further evidence that a true equilibrium had been reached was obtamed 
on hydrolysing olive oil by the theoretical mmimnm amount of water, 
%e three molecular proportions to each molecular proportion of triglyceride 
or 6 gnn of oil and 0*53 grm of water, quantities eqmvalent to those used 
in the synthetic expenmenta As in the reverse case, the eqiuhbnum was 
quickly reached and the acidity of the system was approximately the same 
as that observed in the experiments in the reverse direction. 

Table II — Hydrolysis of Fat by three Molecular Proportions of Water 


Time 

Fercentoge of aoid liberated 

hours 

1 

80 -6 

2 

46 5 

4 

56 0 

8 

61 8 

17 

68 0 

60 

68 6 

60 : 

08*0 

08 

62*0 


The addition of even a small amount of water mfluenoes the equiUbnom 
to a marked extent and also has a retarding effect — ^to an increasing extent* 
moreover, as the amount of water u uu^eased. This is shown in the 
following table, in which are recorded the results obtamed by the eyntii^ 
action of 0 5 grm. ot enzyme on mixtures of 4 84 grm. fatty acid from 


S7 4 

87 7 

88 6 

J84 8 
183 8 
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olive oil and 0 53 grm of glycerol, together with from 0*31 to 3*1 grm of 
water, from 3 to 30 molecules per molecule of glycerol 


Table III, — Synthesis of Fat in Presence of vanons Molecular Proportions of 
Water — showing Percentage of Acid oombmed * 


Tiioe 

No Wftt«T 

8 moll 


16 moU 

80 moU 

houn 



■■ 



1 

8*0 





2 

18 4 



8 0 


4 

88 9 




2 4 

8 

88 8 

19 4 

12 4 

6 8 

8 5 

17 

87 9 

22*6 

18 8 

8*0 

2*9 

80 

88 0 1 

22 2 



3 4 

60 

39 2 

22 8 


6 7 


70 

88 3 

21 6 

16 2 


8 9 


Water also has a marked retarding efieot on the rate at which the 
hydrolysis is eileoted, as shown in the following table, m which is given the 
percentage of acid formed on h) drolysing 6 grm of olive oil m presence of 
from 3 to 24 molecular proportions of water per molecular proportion of 
glyceride In these experiments, the difference between duplicate observa* 
tions was somewhat greater than in the case of the synthetic expenments. 


Table IV — Hydrolysis of Fat in Presence of various Proportions of Water — 
showing Percentage of Acid hberated 


Time 

8 mole 

6 xnols 

9 moll 

16 moll 

24 moll 

houn 

1 

so a 

27 2 

19 4 

18 1 

9*8 

2 

« 5 

40*6 

27 4 

19 1 

16-9 

4 

66*0 

Cl 7 

46 7 

36 2 

28 2 

8 

01 8 

78 1 

66 6 

49-0 

86 7 

17 

82*0 

77*0 

74 8 

08 0 

65 2 

80 

82*9 


88*6 

76 7 

66 1 

60 

62*6 


86*2 

80 2 

77*2 

70 

02-0 

78*7 

84 8 

82*6 

81 2 


It will be noticed that, in presence of 3, 6 and 9 molecular proportions of 
water, when equilibrium is reached, the acidity of the system is approxi- 
mately the same as that observed in the corresponding synthetic series ■ but 
that when more water was present the effect on the enzyme was such that 
the equilibrium was not reached during the expenment 

* The remits recorded are in all oases the means of duphoate expenments whidi 
diflitred by about 1 per cent at most 
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The effect of glycerol on the synthetic action u similar to that of vater on 
the hydrolytic change, the equilibrium point being so shifted that more amd 
IS removed from the system. Excess of glycerol retards the rate of change 
in a very noticeable manner. The amounts of acid whioh entered into 
combination in a mixture of 482 grm. of fatty acid and 1*06 grm. of 
glycerol, i e. three molecular proportions of amd to two of glycerol, are shown 
in the followmg table 


Table Y — Synthesis of Fat in Presence of an excess of one Molecnlar 
Proportion of Glycerol 


Time 

A 0 idi <7 of tyttem c c nomel 
alkali 

Pereontase of acid 
oombined 

hours 



1 

16 01 16 08 

6 2 

2 

16 10 16 IS 

11 8 

4 

18 20 13 46 

21 8 

8 

10 45 10 84 

87 7 

17 

8 68 8 61 

40 9 

80 

7 »7 8 17 

62 7 

60 

7 66 7 63 

66 8 

70 

7 67 7 *66 

65 7 


When three or more molecular proportums of glycerol are present to every 
three molecular proportions of aoid, the retarding effect is so pronounced 
that no equilibrium point is reached within a reasonably convement time, 
the acidity of the system falhng slowly after 70 hours Thus — 


Qlyoerol, mol props 

Aeldity after 60 hours 

Acidity after 70 hours 

3 

46 8 

44 6 

5 

47 8 

42 3 

10 

44 8 

40 7 


The effect of glycerol on hydrolysis is similar, as is diown m Table VI, in 
which 18 recorded the amount of acid liberated from 6 grm of olive oil by 
0 5 grm enzyme and 0 31 o c water, in presence of 0 53 grm. of glycerol 
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Table VI — Hydrolysis of Fat in Presence of one Molecular Froportaon 

of Glycerol 


Time 

Acidity of ivstem in o o 
noimai aIItaIi 

Percentage o{ 
acid liberated 

houra 

2 

8 54 3 62 

20 e 

4 

4 08 6-08 

29 4 

8 

6 06 e 18 

86 6 

17 

7-06 9 4a 

42 3 

30 

7 78 7 88 

44 8 

50 

7-78 

45 8 

70 j 

770 7*64 

44-9 


When more glycerol is present hydrolysis ti^es place to a reduced extent, 
and still proceeds slowly even after 70 hours. 


Olyoerol, molecular 

Percentage of acid 

Pereentage of acid 

proportione 

after 50 hours 

after 70 hours 

2 

29 8 

80 0 

4 

11 0 

18 e 


The results of the expenmen ts desonbed ate summansed in Graphs 1, 2 
and 3, the synthetic observations in Graph 1, the hydrolytic in Graph 2, the 
parallel series of observations in the two opposite directions in Graph 3 
The manner in which water affects both the rate of the change and the 
extent to which this takes place in one or the other direction is brought 
out in a very striking manner in these diagrams it will be noticed 
especially how much less rapid is the approach, both from the hydrolytic 
and the synthetic side, to an equilibrium os the amount of water present 
is increased. Whilst the retardation of the hydrolytic change must be 
asonbed to a direct interference of the water, which presumably prevents 
the eneyme and the oil from commg into effective contact, tlie retardation 
of change in the opposite direction, especially the diminution of the extent 
to which synthesis takes place, must be asonbed rather to the withdrawal 
of glycerol from the system through its dissolution in the water in this 
connexion, it is remarkable that synthesis is not entirely prevented even 
by the presence of thirty molecular proportions of water to one of glycerol, 
whilst in absence of an excess of water, an excess of glycerol beyond two 
molecular proportions has but little effect m moteasing the proportion of hit 
synthesised. 




182 


Prof H. E, Armstrong and Mr. H. W. Gosnejr. 

















188 



















184 Pro£ H. E. Armstrong and Mr. H. W. Gosney. 

In BO far as our results can be brought into oomporison with those of 
previous workers, they appear to be in harmony with their observations, 
but the activity of the enzyme we have had at our disposal, thanks to 
Tanaka’s important disooveiy, appears to have been m excess of that used by 
others. 

As it was obvious that if the limit reached in our syntbetio expenments 
(about 40 per cent when equivalents are used) were to be exceeded, the 
water produced in the interaction must be removed as it is formed, we 
endeavoured to secure this end by carrying out the synthesis tn t»ruo in a 
flask connected with drying apparatus The results obtamed have been 
uniformly unsatisfactory, mfenor, in fact, to those obtained under ordmaiy 
conditions Apparently, as pointed out by us previously, the intervention of 
a film of water is necessary at the inteiface of the system, whore interaction 
takes place , if this be removed, action comes to an end 

In working with the Tanaka preparation, it is noticeable that the activity 
vanes considerably, m a manner which is difficult to understand at first On 
more than one occasion we have found that an enzyme which was quite active 
hydrolytically was inert when used as a synthetic agent with a mixture of 
acid and glycerol free from water ultimately, this behaviour was traced to 
" overdrying,” as on the addition of a veiy small amount of water the enzyme 
became active 

Enzyme which has been used and then recovered, by washing it free fiom 
oily matter by means of light petroleum, is found, as a rule, to be still 
active but usually less active than it was originally the variable behavioar 
of such preparations is not surprising, however, m view of the colloid nature 
of the matenal and the effect whidi alterations m the state of aggregation 
and of surface conditions must have It is noteworthy that the hydrolytic 
activity — in presence of a relatively large excess of water— of the enzyme is 
much more reduced by such treatment than the syntbetio activity. 

Nature of the Producte of Change.— la. order to ascertam whether the product 
of the synthetic action of Lipase is a nearly pure triglyceride hkethe natural 
fats and oils, the amount of glycerol unoombined in each expmiment of the 
first series was determined, following the direotionB given by Lewkowitaoh. 

After titration, the contents of each flask was washed mto an evaporating 
basin, boiled^to expel most of the alcohol and then just acidified by 
acid After heating the liquid to the boiling point, the solution of glyoerol 
was filtered off and the fatty aoids and enzyme on the filter were th e n well 
washed with hot water : the filtrate was punfled by addition of a Hn t ion of 
basic lead acetate and the glyoerol estimated m the clear filtrate by Hehner’s 
method (oxidation by an aoid solution of potassium bichromate). 
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The method u probably one -which is affected with a considerable error, so 
that the results have only qualitative significance. 


Table VII. 


Tune 

Ghlyoerol found in 

Percentage 
of aoid 
oombmed 

MoIb of aoid 
oombined 
per mol glycerol 

Blank senes** 

fienes A. 

Benes B 

hours 

grm. 

gnu 

gnu 



1 

0 61 

0*06 


8 1 

1 6 

2 

0 62 

0 11 

0 11 

12 4 

1 8 

4 

0 66 

0 16 

0 19 

28*0 

2-06 

8 

0 546 

0 27 

0 28 

38 8 

2 0 

17 

0 486 

0 28 

0 28 

37 0 

2 16 

80 

0 686 1 

0 295 

0 28 

88 0 

2 1 

60 

0 496 1 

0 28 

0 306 

80 2 

2 1 

70 

0 515 

0*805 


88 3 

2*0 


* The amount found should he about 0 68 gnn 


In the same manner, estimations were made of the amount of glycerol 
liberated on hydrolysmg olive oil by tlie enzyme m presence of 24 molecular 
proportions of water It was found that, at first, the acids liberated were 
slightly in excess of the glyoeiol, an indication that a small quantity of a 
lower glyoende was formed but as the action continued, the whole molecule 
was hydrolysed 


Table VIII 


Tune 

dlyoerol found 

Feroentage of aoid oomhined 

Hole of acid 
liberated 
per mol glycerol 

Benes A 

Senes B 

Senes A 

Senes B 

hours 

1 

gnu 

0*056 

0 046 

6 8 

8 6 

2 8 

2 

0*076 

0*066 

16*9 

18 8 

8 4 

8 

0 165 

0 166 

86 2 

84 9 

8 4 

17 

0 276 

0 S5 

66 2 

68*0 

8 8 

80 

0 826 

0 88 

66 2 

64 4 

8 3 

60 

0*41 

O-M 

77 6 

76 8 

8-0 

70 

0*48 

i 

0 488 

80 8 

80 9 

8 0 


The amount of glycerol liberated, however, is less in proportion to the 
aokt when the hydrolysis is brought about 1^ a small proportion of water, 
showing that under these conditions mono- and di-glyoeridee are produced to 
a greater extent 
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Thus, on hydrolyBing 6 grm of oil by 0 31 ac. of water — 


Time 

Foreentfigo of 
odd liberated 

Percentage of 
glycerol liberated 

Mole acid per mol 
glycerol 

hours 

1 

$1H) 

24 6 

8*8 

2 1 

46 6 

30 8 

8 7 

8 

01 8 

40 8 

4*0 


Conversely, when the synthesis is effected m presence of water, less 
glycerol is combined than when no water is added , that is to say, the 
glycerides formed are more saturated Thus, in presence of 0 62 cc, 
t e , 6 molecules of water — 


Time 

Pertentago of 
acid combmed 

Percentage of 
glycerol combined 

Mole aoid per mol 
glycerol 

houre 

2 

7 7 

12 0 

1 9 

8 

11 9 

16*0 

2 4 

70 

15 2 

1 

18 6 

2 6 


An excess of glycerol not only alters the etimlibmun so that a greater 
proportion of acid is combined but also Influences the nature of the product, 
which then contains a smaller proportion of amd * thus the composition of 
the product of the mtoraction of two molecular proportions of glycerol and 
three molecular proportions of acid was found to be as follows — 


Table IZ 


l^me 

Peroentase of 
acid combined 

Peroentage of 
(^eerol combined 

Mole, aoid combined 
per mol glycerol 

houn 

1 

6*8 

7 1 

1*8 

2 1 

11 1 

9 5 

1-8 

4 

21*2 1 

17 0 

1-9 

8 

88 2 i 

30 3 

1*9 

J7 

49 7 

41-0 

1 8 

50 

55 7 

«4 

1'8 


From tliese results, it is not improbable that the mam product le a 
diglyoende in other words, that, as is to be expected, the two pninaiy 
hydroxyl groups of glycerol are first affected. 

Some of the product of the interaction of the amde from ohve oil wi& an 
excess of glycerol was isolated by evaporating off the alcohol after neutrahsiiig 
the unchanged acid and eztractmg the soap solnUcm with ether. About 
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18 gnu. of a pale yellow oil was thus obtained, whioh became turbid <ai 
standing, slowly oleanng again on heating to 30*’ C. The saponification 
value of this oil was 183 5, that of the ohve oil used being 191*7 , on 
acetylation the saponification number was increased to 248*7, the "acetyl 
value ” bemg 78 6 These data favour the assumption that the oil contamed 
a high proportion of dioleiu It is obvious, however, that no final conclusion 
18 possible until experiments have been made with definite amds and the 
products have been isolated and charactensed 

In view of our results, we venture to call attention to several directions m 
which the fats now deserve renewed attention 
Our knowledge of the manner m which they ate absorbed and utilised 
under vital conditions is at present very vague in chaiactei and much of the 
evidence on which reliance is placed appears to be open to question It is 
generally believed that, when ingested, fat is rapidly hydrolysed, under the 
influence of the pancreatic secretion and that denved from certam tracts of 
the mtestme, this change being regarded as a necessary preUimnary to its 
passage through the walls of the vilh prior to entry mtu the circulatory 
nystem. Lipase appears to be widely distnbuted throughout the organism. 

Apparently, whenever fat is to be transferred across cell membranes, it is 
hydrolysed assisted by the emulsifying influence of the biliary flmd, the 
fatty acid that is liberated during digestion of fatty food can penetrate tissues 
that are impermeable to the fat but it is held that on entry into the vilU the 
fatty acids are rapidly ie-.a8sociated with glycerol and pass into the lacteeds 
as fat. In fact, all fat that is stored is supposed to be fat that has been 
reconstituted from fatty acids In the normal heart and other tissues, 
however, the fatty acids are not present as glycendes but apparently are 
combined in such a way that their histological behaviour is different ffom that 
of fats — the disorunmative staining agents being without effect m such cases 
If the vital meolianiBin be such that only fatty amds con pass through, it 
is clear that in presence of lipase fats would undergo complete hydrolysis 
readily, under natural conditions, if the acids were removed as they were 
liberated, as reversal would be prevented 
Our observations appear to show that hydrolysis would be most rapid in 
presence of a minimum amount of water , they therefore favour the conclusion 
that conditions which would tend to reduce the concentration of the cell fluid 
would promote the conservation of hit — a conclusion which is perhaps 
applicable in explanation of the obesity which apparently is a frequent 
consequence of the mdulgence in large quantities of weak aleoholio fluids 
such as Lager beer, 
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Bat m view of oar observation that under 40 per cent, ot fktly aoid is 
convertibie into fat, even when no water » present, it is diffieult to unter- 
stand how the fatty acids are completely reconverted unless there be some 
mechanism whereby the fat is separated from the fatty acid as it is formed— 
or some means by which the acid is held in abeyance until it u required. 
May it not be that the clue is afforded by the observations above referred to 
with reference to the presence of fat in the tissues m a cryptic form ? Lipase 
apparently is a “carboxylase” which has the power of determining the 
hydrolysis of the ethereal salts of all the veiy* weak carboxyhc acids and, 
within limits, is more efibctive the less soluble the acid and the alcohol from 
which the salt is derived , presumably, the argument apphes equally to the 
synthetic activity of the enzyme It is therefore probable that, under the 
influence of lipase, fatty acid may become associated with hydroxylic centres 
m the protoplasmic complex and that such withdrawal may be the cause of 
its cryptic existence in muscular tissue 
The effect on health of an absence of fat from the diet, to which Arctic 
travellers have called attention, is noteworthy from this pomt of* view. 
Stefdnsson, in his recent book 'My Life with the Eskimo,'* states that the 
symptoms that result from a diet of lean meat are practically those of 
starvation , during the winter period, even when gorged with canbou meat 
free from fat, he and his party felt continually hungry, the dogs, though they 
got more meat than dogs usually get, were notiimg but skin and bones 
Previously, when they had hved practically on oil alone, taking a teacupful 
of oil a day, there were no symptoms of hunger , they grew each day sleepier 
and more slovenly, he says, but at the end of their meal of long-haired canbou 
skin (to give bulk) emd oil felt satisfied and at ease 
On the assumption that fat is not always laid down as such but frequently 
reconstructed tn rUu, the presence of glycerol in the necessary amount at the 
^ seats of synthesis has to be accounted for Owing to the solubili^ of this 
substance, it cannot well be supposed Idiat, when fat is hydrolysed, the fat^ 
acid and glycerol always remam together in the required proportums * it is 
more probable that the glycerol becomes separated from the acid to a greater 
or less extent and that the deficit is denved from carbohydrate * it la on tluB 
account, at least in part, perhaps, that it is desirable that a certain minimum 
ratio should be preserved between fat and carbohydrate in our food. 

We are indebted to the Hull Oil Manufacturing Company, Ltd., for heving 
placed at our disposal Indian castor seed of recent growth for the porpoae 
this inquiry. 

* MaomiUan and Co , London, 1013, pp. 140-141. 



189 


Studies on Mtayme Action, 

[JVoie added June ] 8 — In a communioation whidi came to our notice only 
when t^e work we have described was completed Boumot (IS) has called 
attention to the activity of the lipase present in the seeds of Chdtdmium majus, 
the common Celandine, a papaveraceous plant Having been able, through 
the courtesy of Messrs Parke, Davis and Co , to obtain a sample of the seed, 
we have contrasted its activity with that of our Ricmua lipase and have 
confirmed Boumot's statement that it is not necessary to treat the seed with 
acid to render it active 

According to Bouruoi, Chelidomum lipase diffeis from Jfteuius hpose m 
being most active iii a neutral medium, even N/SO aud havmg an inhibitory 
effect But as 18 shown m Part II, when once liberated from itszjinogeu 
Emnus lipaso is also sensitive to acid in our expet leiice, it has maximum 
activity when the acidity docs not exceed that of oleic acid 

The enzymes from the two sources both hydrolyse and syntlieaise glyceric 
oleate with about the same ease and gi\e nse to mixtures similar in composi- 
tion at the equilibrium point But weight for weight, the Tanaka Mmnus 
preparation is loss active than Clwltdonvum seed (free fiom oil) m effecting 
the synthesis of isopritnary butylic oleate Thus in an experiment in which 
41 per cent of the acid was combined by the agency ut the Ru'min enzyme, 
about 80 per cent was etherified by Clteltdmmm seed Apparently, the 
alcohol has a specially maiked effect on the Jtunnug preparation, as olive oil 
18 hydrolysed only to a small extent in presence of a molecular proportion of 
isobutylic alcohol to one of tlio oleate 

Similarly, on hydrolysing isobutylic oleate, whereas, m presence of a single 
molecular proportion of water, 9 S pet cent of change was effected m 17 hours 
by the CheUdomum enzjme, tlie Rmnus preparation caused only 2 4 per 
cent, of change. The difference was less marked on using 10 tunes ns much 
water, as 16 7 per cent was hydrolysed by the one and IdO per cent by the 
other “ enzyme ” in this case, the effect of the alcohol was reduced appaiently 
by the presence of the excess of water 

In our opinion, such differences as aie obseived are to be regarded, 
provisionally at all events, os cousequences of difierences in the " condition ” 
of the enzyme in the different seeds At present, as it is luqmsBihle to amve 
at any estimate of the ** concentration ** of an enzyme or to allow for differences 
in Its distribution, we oannot well make any valid companaon of the enzymes 
of like function derived from different sources ] 
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Morphology of Fanous Strains of the Trypanosome causing 
Disease in Man in Nyasdland The Human Strain 
(continued) — VI to X 

By Surgeon-General Sir David Buuce. CB, FBS, AMS , Major A. E 
Hamebton, DSO, and Captain D P Watson, BAMC , and Lady 
BnucE, BliO (Scientihc CommiBsiuii of the Boy^ Society, Nyasaland, 
1912 - 14 .) 

(Received May 6, — Read June 25, 1914 ) 
iNTltODUCTION 

In a former papei* five strains of this species of trypanosome, obtained 
from man, were descnbed In this it in intended to describe another set of 
five. A small quantity of blood was taken from the nitk native, brought up 
to the laboratory, and inoculated into a monkey or white rat. 

Strains VII, YIll, and X were directly inoculated mto the rat from which 
the drawings and measurements were made , m Strains VI and IX a single 
monkey intervened These five strains have therefore been obtained under 
fairly similar circumstances, and should prove useful for purposes of ’ 
comparison This is put in tabular form in Table I, and the history of the 
previous five strams is also given, as this woe omitted m the former paper 
It IS possible that the type of a strain may be changed by passage through 
different animals before it reaches the rat 

Table I — Showing the Passages through Animals between Man and the Bat 
whose Trypanosomes are Drawn and Measured. 


Strain j 

Mnn 

Monkt*^ 

Dog 

Bftt 

1 

I, Mkftnvangn 


■ 



1 

1 _ 

n.E — ' 

1 


2 

3 

III, Chitnluka 

1 


’ % 

8 

IV, Chipot^holik 

1 

— 

2 

3 

V, ChiDibi 

1 


2 

3 

VI, Afannkumparft 

X 


— 

li 

Vn, yoniinn ' 

1 

— 

1 

2 

VIII, Mekkn | 

1 

— 

1 

3 

IX, Mkantlwma | 

1 

a 

1 

8 

X, IXmgoloHi 1 

1 


1 — . 

2 


From this table it mil be seen that httie time was lost in inooulatiiig4;be 
rat, the trypanosomes in whose blood were drawn and measured. 

* 'Boy. Soc Proa,’ B, vol 86. p. 885 (1813). 
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On comparing the curves from the 10 strums it cannot be said that the 
passage from dog to rat, or from monkey to rat, or direct from man to rat, 
has had any luatked influence on the character of the curve }3ut in these 
cases only a single monkey or dog inteiveued 

In the case of Strain 1, Mkanyanga, the trypanosomes were taken at 
landom from several species of animals,* 600 trypanosomes from four 
difiei*eut rats were measured The passages are as follows —(1) Man, 
monkey, Bat 3S , (2) man, dog, rat, rat, Bat 37, (3) man, monkey, guinea- 
pig, monkey, Bat 236 (4) man, monkey, guinea-pig, monkey, Bat 235 

VI Mohpholo<;y of Strain VI, Maxakumpaua 
The following Table gives the average length of this trypanosome as found 
in the white rat, 500 trypanosomes in all, and also the longest and 
shortest — 


*1 able II — Measurements of the I^ength of the Trypanosome of Strain VI, 

Manakumpara 


1 

Dat« 

Kxpt 

No 

Amnal 

Method of 
fixing 

Method of 
utaimiig 

Avenigo 
li iigtli 

In miorons 

Maxiumin 

length 

Minimum 

lengtli 

1 1913 









1 June 

80 

2289 

Rtti 

Oamu Slid 

Gicin«a 

21 

4 

27*0 

18 0 


30 

22!lil 



II 

31 

h 


IHO 


30 

2280 




22 

1 

27 0 

20 0 

\ July 

1 

2280 

1* 



19 

0 

23 0 

17 -0 

1 

2»i0 


„ 


18 

8 

23*0 

16 0 

i •! 

1 

2189 




18 

f> 

28 0 

16 0 

1 

2 

2230 

,1 


M 

19 

6 

22*0 

17 0 

1 „ 

2 

2930 



20 

6 

26*0 

17 0 


2 

8830 




19 

8 

21 0 

17-0 


8 

22W 



ti 

21 

1 

27 0 



8 

2289 



ft 

21 

8 

26 0 

17 0 


H 

2219 


1 » 

II 

22 

0 


17 0 

1 „ 

4 

2289 



II 

28 


26 0 

17 0 


4 

2280 

» 


1 

f 

28 

0 

29 0 

18 0 


4 

2280 


1 

II 

II 

28 


28 0 

10*0 


6 

2239 

It 

f| 

If 

22 

4 

28 0 

17*0 


6 

' 2289 

1, 


ft 

21 

8 

80*0 

17 0 

1 

6 

2289 

If 


, 

28 

8 

20*0 

18*0 


7 

2289 

II 

If 

If 

28 

5 

28*0 

21 0 

ft 

7 

2289 

I, 

fft 

fi 

22 

0 


17 0 

1 

7 

2289 

II 

1 *7 

It 

24 

6 

82 0 

19 0 


8 

2289 

It 1 

fl 

II 

21 

0 

28-0 

1»*0 

,, 

® 1 

2289 

It 


,1 

22 

8 

29 0 

17*0 

1 

8 1 

2239 



I, 

21 

2 

27*0 

16 0 

1 II 

1 

9 

2289 

II 

» 

II 

20 

6 

26 0 

16 0 

' : 

1 

21 7 

82*0 

15*0 


♦ * Roy Soc. Proc./ B, vok 85, p 427 (1912). 
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Table 111. — Distribution in respect to licngth of 500 Individuals of the Trypanosome of 
Strum YI, Manakutnpara, from Rat 2239 


In mioron« 



16 

Id 

17 

16 

10 

SO 

21 

2S 

23 

24 

26 I as 

27a 

26 


30 

31 

32 

Total. 

s 

6 

i \ 

40 

1 4.6 ' 

74 1 

1 82 

62 

, 41) 

37 

23 1 16 

23 

18 

6 

3 


1 

Perrentagea 

0 0 

1 

1 Oi 

\i 4 

6 0 

,0 2| 

1 1 

44 8 1 

36 4 

12 4 

8*0 

7 4 

4 BM 2 

1 

4*6 

a 6 

1 0 

0 6| 


m 


Chart 1 '—C/Uivo reprofl^ntin^ tho liifetiibutiua, Pei can tagoN, ui i aspect to Length, of 

UOO IndividuAlH of the Ti^panonome of Sttoui VI, Munaknmjiaia, taken on nine 
consecutive days from Hat 2S39 



Table IV — Percentage of Poatenor-nnclear Forme found among the Short and 
Stumpy Yanetiee of the Trypanosome of Strain VI, Manakumpara 
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Breadth , — The following Table gives the breadth of tlie trypanosome of 
Strain VI, Manakumpara — 


Table V — MHaflurements of the Breadth of the Trypanosome of Strain VI, 

Manakumpara 



1 

1 Fxperiinent 

1 No 


Number of 


Tu tnirnms 


Date 

Animal 

1 

trjpanosomes 

meaiured 

Averagti 

breadtli 

MaximiJQi 
broadth | 

Minimum 

breadth 

1018 

1 ZilO 

I 

, 500 

! a 76 

4 50 1 

1 25 


In regard tu shape, contents of cell, size and position of nucleus and nncro- 
nucleus, dispobal of undulating membrane and flagellum, no difference can 
Ixs made out between the Strains VI to X and the first five strains 


VII. Morvhology of Sthain V1I,Youamu 

The following Table gives the average length of this trypanosome as found m 
the white rat, 500 trypanosomes lu all, and also the longest and shortest — 


Table VI — Measurements of the Length of the Trypanosome of Strain VII, 

Yoramu 


1HI« 

Kxpt 

No 

Animal 

Method of 
fixing 

Method oi 
■taming 

Average 

length 

111 n^uroni* 

Maximum 

length 

Mmimum 

length 

1018 

June 80 

2230 

Kat 

Osmio aoid 

Giemsa 

25 8 

1 

28-0 

as 0 


80 

2230 

ii 

It 


28 7 

83 0 

21 0 


30 

aase 




26 0 

81-0 

22*0 

July 

1 

aad6 

I* 

11 

If 

27 0 

aa-o 

18 0 


1 

2286 

)i 

It 

» 1 

86 8 

83 0 

21 0 


1 

2380 

II 

II 

♦1 

26 8 

81-0 

21*0 


a 

2386 



» 

20 a 

24 0 

lH-0 


2 

aaae 



ff 1 

21 6 

26*0 

IHO 

u 

2 

2286 

II 

If 

.. 

21 0 

20 0 

10 0 


8 

2286 

1 

If 

I 


20 6 

28*0 

16 -0 


8 

2286 

II 

.. 

20 2 

29 0 

16 0 


J 

22 i6 

II 

ii 

11 ' 

10 4 

2b 0 

16-0 


4 

2286 

II 

II 

f> 

10 4 

23 0 

17 0 


4 

2286 

II 

II 

,1 1 

1 1 

1 10*0 

24*0 

18*0 


4 

2286 

1 

II 1 

10 5 

22 0 

18 i) 

II 

b 

2286 

It 

! 

II 1 

I 

22 0 

27*0 

18*0 


6 

2286 

II 

II 

11 

21 7 

80*0 1 

1 17 0 

II 

5 

2286 

«» 

If 

11 

21*9 

80 0 

18*0 

II 

e 

2286 

II 

fi 

If 

21 7 

26*0 

; 17 0 

If 

6 

2388 

I# 

11 

11 

21 5 

28*0 

t 17 0 

II 

6 

2286 

11 

It 

» 

22 3 

28*0 

16 0 

II 

7 

2286 

II 

II 

II 

22 5 

1 28 0 

18 0 

II 

7 

2286 

11 

)i 

H ' 

22 6 

, 28 0 

18 0 

II 

7 

2286 

11 

ij 

II 

22-0 

1 29*0 

18*0 

II 

S 

2286 

II 

t» 1 

If 

22 4 

84^ 

18 0 

i 



1 

j 


22 5 

84*0 

16*0 
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Table YII —Distribution in respect to Length of 500 Individuals of the Trypanosome of 

Strain YII, Yorsmu, from Bat 2236 


In mioroni 



1 

! 16 

17 

18 

10 

20. 

21 

22 

28 

24. 

25 

26 

27 

28 

29 

80 

31 

82 

88 

Toteli 

» 

9 

40 

84 1 

67 

88 1 

47 

27 ; 

! 28 

81 1 

88 

37 

21 ; 

18 

18 

6 

2 

1 

Pwroentegei 

'o e' 

1 

1 8 

8 0 

16 8l 

18 4 

7 6 

0 4 

6 4 

|6 6 

6*2 

6 6 

1 

‘7 4 

4 2| 

1 

2 0 

1 

2*6 

1 0 

0 4 

0 a 


Chart 2 — Curve reproAoniing the BiHinbtition, l)V PoroentageH, in r6B]jeLt to Length, of 
AOO ludividuali of the Trypanueome of Stiam Vll, Yoi*anku, taken on nine coneecu- 
tive days from Bat 223C 


n 


M I c r o n <» 



r at H 1 a 



Table VIII — Percentage of Posteiior-nuclear Forms found among the Short 
and Stumpy Vuneties of the Trypanosome of Strain VII, Yoramu 



Late 


Percentage among ehort 
and etumpy fonxm 

1 

1613 




June 80 

2236 

Rot 

0 

July 1 

i 2286 


1 

*> 

2 

1 2286 


16 

1* 

8 

2286 


0 

II 

4 

2236 


2 

»i 

5 

2886 


1 0 

II 

7 

2286 

If 

10 

If 

8 

2286 

t» 

86 

» 

0 

2286 

ti 

84 

If 

10 

2830 

ti 

86 

Average | 

1 

18 4 
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Bnadih—^Tha foUowiag Table gives the breadth of the tiypanoeome of 
Strain VII, Yoramn •— 

Table IX. — Measurements of the Breadth of the Trypanosome of Strain VII, 

Yoramn 


In niiczons 


Date 



Experiment 

No 

Animal 

i.'vuinuer 

trypanoeomea 

measured. 

Averasa 

breadtu 

Maximum Mmimum 
breadth. breadtii 

1913 

2290 

Rat 

! 600 

1 



2 61 

1 1 

j 4 60 1 1 26 


VIII Moia*Hou)OY ot Stkain VIII, Mekka 
T he following Table gives the average length of this trypanosome as found in 
the white rat, 500 trypanosomes in all, and also the longest and shortest — 

Table X — Measuiements of the Length of the Trypanosome of Strain VTII, 

Mekka 


Date 

Expt 

Ammal 

Method of 
iixiag 

Method of 
staining 

Avemge 

length 

Xu niieroni 

Maximum 

length 

Minimum 
length ' 

1918 

Auff 27 

2800 

Rat 

Osmio acid 

G-iemsa 

2 

26 0 

19 0 

II 

27 

9800 


ii 

It 

2S 2 

99 0 

20*0 , 

It 

27 

2800 

,, 

II 

•1 

21 1 

98 0 

18 0 

II 

2S 

8800 


n 


22 2 

27 0 

19 0 

II 

28 

2800 


II 

tl 

22 4 

26 0 

18 0 

If 

88 

2800 


II 

II 

as 4 

90 0 

20*0 

fi 

29 

8800 


*1 


21 4 

26 0 

20 0 

» 

29 

2800 


*1 

If 

281) 

2S-0 

21*0 

>1 

29 

2800 

11 

II 

it 

21-0 

2t 0 

18 0 

It 

80 

2800 


tl 


20 4 

23 0 

18 0 

II 

80 

2800 

II 

1 * 

ii 

22 1 

26 0 

18*0 

II 

80 

2800 

II 

' 

20 7 

25 0 

18*0 1 

T| 

81 

2800 


tl 1 

1 »» 

1 1 

20 7 

24*0 

18*0 1 

tl 

81 

2800 


II 

1 21 4 

29*0 

18*0 ! 

II 

81 

2800 

11 

11 

1 

II 1 

1 21 1 

27*0 

18*0 1 

Sept. 

1 

8800 

1 

1 

*> 1 

; 24 8 

32*0 

80*0 ; 

If 

1 

2800 


*' 

It 

1 28 S 

38*0 

20 0 I 

tl 

1 

8800 


** 

II 

24 1 

28*0 

19 0 

II 

2 

8800 

„ ! 

” 

It 

28*9 

80 0 

19 0 

II 

2 

8800 

II 

1 

tt 

28 6 

29*0 

16*0 

f> 

2 

8800 

II 

1 

It 

28 2 

80-0 

20*0 

II 

8 

3800 

1 

1 

>1 1 

1 24-0 

82 0 

20 0 

II 

3 

8800 


tt 

2d 1 

29*0 

20*0 

II 

8 

8800 

II 

1 1 

1 tl 

M 

28 8 

80*0 

21*0 

ji 

4 

8800 

" 1 

i ” i 

i ’ 

2t 3 

87-0 

18-0 




! 

I 

[ 

1 


22 4 

88*0 

1 10 0 

1 
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Table XI — Distribution m respect to Length of 500 Individuals of the Trypanoeome 


of Strain VIII, Mcklca, from Rat 2300 



Chart 3 — Cui ve mpiesenting the DiHtiibutiou, by PercentageH, lu reNpect to Leugtb, of 
iiOO IndividualR of the TiypanoHorue of Strain VII J, Mckka, taken on nine connecu- 
tive days from Bat 2300 



Table XII — Peroeutage of Postenor-nuclear Forms found among the Short 
and Stumpy Vaneties of the Trypanosome of Strain VIII, Mekka. 


IXito 

Expenment 

No 

Animal 

1 1 

1 Peroentage among iliort i 
and stumpv forms 

191& 

1 

1 



j ! 

Jul; 27 

2800 


Bat 

i c 

„ 28 

2800 


ft 

8 ' 

„ 89 

2800 



1 22 

Aug 2 

2800 


Tf 

9 

« 

8800 



1 18 

„ 1 

2800 



' 38 

.. 8 

2800 


II 

40 1 

9 

2800 



' 41 j 

11 

2800 



87 1 

„ 1* 

2800 


tf 

20 1 



Averago 

24 2 
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Jfreadth •-‘The following Table gives the breadth of the trypanosome of 
j^train VIII, Mekka — 

Table XlII — Measurements of the Breadth of the Trypanosome of 
Stiain VIII, Mekka 


I 

1 Pate 

1 

1 

j 

i Eipenmcait 
} No 

1 

1 1 

1 Animal 1 

' 1 

Number of ! 
ir^pancHiomet 
xoeMured 


Maximum 

breadth 

Minimum 

breadth 

1918 

t 

, 2800 

i 

1 

Hat 1 

500 1 

2 6S 

6 00 

1 25 


IX Mokphology of Strain IX, Mkanthama 
The following' Table gives the a\ erage length of this trypanosome as found 
in the white rat, 500 trypanosomes in all, and also the longest and shortest — 


Table XIV — Measurements of the Length of the Trypanosome of Strain IX, 

Mkanthama 



















lu mirrona 

1 HttfiA 


Animal 

Method of 

Metliod of 


- -> 




No 


fixing 

itaimng 

ir 

1 

' Maximum 

Mmimuui 







length 

1 length 

length 

1918 








Aug 

18 

2386 

Bat 

Cam 10 acid 

Oiemsa 

28 2 

81 0 

17-0 

tr 

18 

8886 

If 


11 

2« 7 

88-0 

18 -0 

tl 

18 

2886 




28 1 

82-0 

18 0 

If 

19 

1886 

*1 

ti 


16 0 

24 0 

17-0 

11 

19 

1886 

II 


11 

16 6 

26 0 

16-0 

II 

19 

8886 

If 

rl 

» 

16 2 

28-0 

16 0 


20 

8386 

fl 



19 4 

24 0 

17-0 

1 

20 

8886 

11 

1 

11 

IS 8 

30 0 

16-0 

*> 

20 

2886 

II 

If 

If 

19 9 

80 0 

16 0 

If 

21 

8886 

If 

11 

II 

17 7 

24-0 

15 -0 

If 

2L 

2886 

11 

II 

II 

17 8 

22 0 

14 0 

If 

21 

2886 

If 

11 

18 

17 6 

20-0 

16-0 

If 

22 

2886 

It 

If 

|1 

IB 4 

81 0 

16*0 

ti 

22 

2886 

II 

If 

II 

20 6 

28 0 

15 0 

»i 

22 

2386 

If ( 

11 

11 

21 S 

29-0 

16*0 


28 

2886 

» 

11 

11 

28 6 

29 0 

17 0 

11 

s» 

2886 ; 

If 

11 

It 

24 2 

82-0 

16*0 

»i 

S3 

2886 

11 

S| 

f 

23 4 

81-0 

16 0 

If 

24 

2886 

Ij 

11 

If 

24 1 

88*0 

18*0 

11 

24 

2886 

|i 

f* ^ 

It 

28 4 

81 0 

16*0 

>1 

24 

2886 

8* 

11 

11 

21 6 

80 0 

17 0 

1 

25 

2866 


11 

11 

22-0 

20-0 

17 0 

• .. 

20 

2886 

I ** 

1 II 

II 

21 8 

81-0 

17-0 

If 

26 

2886 

II 

' II 

t| 

81 2 

80-0 

16 0 

11 

26 

2886 

» 

II 

M 

19*6 

26*0 

17-0 



j 

! 

21 2 

88-0 

14 0 
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Table XY, — Dutnbutioo in reapeot to Length of 500 Individuals of the Tiypanosome of 


Strain IX^ Mkanthama. 



Ohart 4 Cm VO lopioHonting the DiBtiibutioiif by Pexceutages, ixi robpoot to Length, of 
500 Individuals of the Trypanosome of Strain IX, Mkantbama, taken on nine 
consecutive days from Hat 2380 



Table XVI —Percentage of Poeterior'uuclear Forms found among tlie Short 
and Stumpy Varieties of the Trypanosome of Strain IX, Mkauthama 



Date 

Hxpenment 

No 

Ammal 

Feroentago among short 
and stumpy forms 

1918, 

May IB 

8380 

Bat 

' ~ 1 

13 

SI 

10 

8386 

It 

88 

n 

80 

8386 

ft 

18 

fi 

81 

8360 

II 

11 


88 

8886 

II 

18 


88 

2886 

II 

27 

11 

84 

) 8380 

1 

34 

II 

85 

8886 

If 1 

88 

If 

8B 

' 2366 

If : 

45 

II 

88 

; 2886 

’ i 


54 



Average 

28 6 
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cauting Disease m Man in Nyasciaud. 


Breaddii^Tbe following Table gives the breadth of the trypaaosoiue of 
Strain IX, Mkauthama. 


Table XYII — Measurements of the Breadth of the Tiypanosomo of 
Strain IX, Mkanthama 


Data 


1018 


Expenmenfc 

No 


2386 



Number of 
tijpanoioinos 
BITMUrOll 


In miorouB, 


' Arerftge i Max&inum Muiunum 
I breedtli I breadth breoiith 

' I 


Baii ‘ 600 


2 66 


6 00 


1 26 


X Morphology of Sprain X, Doxoolosi. 

The following Table gives the average length of this trypanosome, as found 
in the white rat, 500 trypanosomes in all, and also the longest and shoitest — 

Table XVIII — Measureinentb of the Length of tlie Tiypanosome of Strum X, 


Pongohisi 


1 

Date 

txpt 

bu 

Animal 

MeGicid of 

1 fixing 

Method of 

itUiiniUjf 


In micronn 

Minimum 

length 

Awmge 

length 

Maximum 

length 

1013 








Not 27 

8487 

Kat 

OimiK atid 

Giemsa 

24 8 

30 0 

20*0 


27 

2487 

If 


1 If 

24 6 

20 0 

81 0 


27 

2487 

It 



26 0 

29*0 

21 0 

■f 

28 

2487 


Ft 


19 9 

22 0 

17 0 


28 

, 2487 

If 


II 

10 0 

23*0 

18*0 


26 

8487 


f* 


10-6 

22 0 

18*0 

I)ro 

2 

2487 




23 2 

88 ■0 

17-0 


2 

2487 

ft 


If 

22*0 

20*0 

18 0 

If 

2 

8487 

If 

ft 

f* 

23 2 

28-0 

18 0 

If 

3 

2487 

If 


fj 

24 0 

80*0 

20 0 

ft 

8 

2487 

*8 

fl 

ft 

28 7 

20 0 

20 0 

ff 

8 

8487 

ff 

fl 

1 If 

24 0 

30*0 

19*0 


4 

8487 

-ff 

1 

1 fl 

It 

23 2 

27*0 

10 0 


4 

8487 

1 

tl 

II 

28 2 

80*0 

10 0 

It 

4 

8487 

1 ** 

1 

fl 

' If 

28 7 

26 0 

21*0 

j 

6 

2487 

1 

1 

II 

24 3 

28*0 

20 0 

fi 

6 

2487 

1 

1 *7 

ft 

1 

28 0 

20 0 

10*0 

tf 

6 

2487 

! *7 

If 

11 

24 4 

28 0 

21 0 

ft 

6 

2487 

1 

1 

fl 

' .1 

24 0 

30 0 

20*0 

ft 

6 

2487 

1 

If 

1 If 

1 

26 2 

30*0 

22 0 

ft 

6 

8487 

«f 

If 

fl 

24 6 

28 0 

21 0 

f* 

7 

8487 

! *' 

ff 

If 

26 3 

81*0 1 

1 2'T*0 

If 

7 

8487 

If 

M 

1 If 

26 0 

30*0 1 

20*0 

>1 

7 

8487 

If 

ff 

t f* 

24 8 

32*0 1 

20*0 

If 

8 

8487 


f* 

! ’■ 

22 3 

26*0 ' 

18*0 




I 


28 5 

82 0 

17 0 
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Table XIX —Distribution in respect to Length of 600 Individtuds of the 
Trypanosome of Strain X, Dongolosi 



Chart fi — Ouive repieiteiiting the Distribution, by Percentages, in lespcct to Length, of 
hOO Individuals of the Trypanosome of Strain X, Dongolosi, taken on nine cousecu* 
live da^H from Bat 2437, at the licginmng of the infection 


' o 



Chart 6 —Curve representing the Distiibution, by Percentages, in respect to Length, of 
fiOO Individuals of tlie Trypanosome of Strain X, Dongolosi, taken on the 33rd to 
4lRt day of disease from lUt 2462 



caustng Disease %n Man in Nyasaland, 201 

It is evident that m this case there is little differenoe in type in the 
trypanosomes taken during the first nine days and the last nine days of an 
infection In the former there are 25 per cent short and stumpy forms, 
37 per cent intennediate, and 38 per cent long and slender , in the latter 
22, 43, and 35 per cent respectively 

Table XX — Percentage of Posterior-nuclear Forms found among the Short 
and Stumpy Varieties of the Trypanosome of Strain X, Dongolosi 


— 

— — 

— - — 

— 

- 


Date 

Kxperiuiout 

No 

1 

Anuual | 

1 

1 

Perceutage among nhort 
and Btumpy forms 


1 

1 


Nov 

27 

' 2437 

Hat 

1 

1 (1 

28 

2437 

II 

a 

1 Deo 

2 

2437 

• 

0 

1 

8 

2437 


1 

i 

4 

2487 

^ II 

10 

1 

6 

2437 

*1 

8 

1 

n 

rt 

) 2487 

>» 

4 


7 

• 2487 


7 


H 

2487 

1 » 

10 

! 

9 

2437 

1 „ ' 

XI 

1 


Average 

6 0 


A. 


Bibodth — Tlie lollowuig TabU^ gives the breadth ot the trypanosome of 
Stiain X, Dongolosi 


Table XXI — Measm'ementa of the Breadth of the Trypanosome of Slmia X, 

Dongolost 


Date 

Experiment 

No 

Animal 

Number of 
trypanosomes 
measured 

1 

Average 

breadth 

In microns 

Maximum 

breadth 

Minimum 
breadth , 

1918 

2437 

' Bat 

600 

1 2 71 

4 50 

1 26 


To Ascertain tub Type of Trypanosome which arises from a Single 

Trypanosome. 

There , is always, when dealing with a dimorphic type of trypanosome, a 
danger of there being two species present. Some expenmontfl weie, therefore, 
made by inoculating animals with a single trypanosome, to find out if the 
uiiginal dimorphic type would appear The smgle tripanosomes were picked 
out in the usual way, by means of dilution and capillary tubes Tiie blood of 
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an infected rat was diluted with normal ealine solution until a volume 
one-aucteenth of an inch in length of a fine capillary tube was found to contain 
a single trypanosome This was then inoculated into a rat. Six experiments 
were made, three of which were successful In each case the long and slender 
tyjie of trypanosome was isolated and injected 
As will be seen from the followmg cutves, from the single long and slender 
type, short and stumpy, mtei mediate, and long and slender forms resulted 
Among the short and stumpy there was a large percentage of the blunt*ended 
posterior-nucleated forms, which ate a feature of this species of trypanosome 
From these three experimentn, then, it may be concluded that m the 
dimorphic trypanosome causing disease iii man lu Nyasaland, a single species 
IS Iteing dealt with 

Chart 7 — Curve representing the Distribution, by Fercentagea, in respect to Length, of 
500 Individuals of the Trypanosome of Strain X, Dongolosi, taken on nine consecu- 
tive days from Kat 2403, which had been infected by a single trypanosome of the 
long and slender t>pe 
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oav^ing Dxwase in Man m Ngeualand. 

CsAitT 6 — Ourve repreBeuting the Ihstnbtttion, by Perocntagea, in respect to Length, of 
hOO Individuals of the Tiypanoeoine of Strain X, Doogolosi, taken on nine consecu- 
tive days from Bat 2489, which had been infected by a aingle trypanosome of the 
long and slender type 




COMPAUISON OF THE HUMAK SlKAINS VI TO X 

Table XXII — Measui omenta of the Length of the Tiypanoeomes of the 
Five Human Strains VI to X The IrypanoaomeB have been taken from 
the rat alone 


Date 

i 

1 Strain 

1 

1 Name i 

! 

Number of 
trypanosomes 
nieadUTed 

Average 

length 

In luioronK 

Maximum 

length 

Minimum 

length 

1913 

1 

' VT 

1 1 

1 Manakum^raral 

600 

21 7 

32-0 

16 0 

1913 

1 VII 

' Yoramu t 

600 

22 6 

34*0 

le 0 

1913 

VTII 

Mekka 

600 

< 22 4 

, 33 0 

10 0 

1918 

' IX 

Mkanthama 

600 

, 21 2 

: 33 0 

14-0 


■ X 

1 

Dongoloai 

600 

1 23 6 

1 32 0 

1 

17 0 



“ \ 

1 1 

' 1 


1 22 8 

! 

84 0 

1 14 0 


The average length of Strains I to V, taken from rats alone, is 24 2 miorons , 
maximum 38, minimum 15 This gives an average lor the 10 strains of 
23*2 miorons , maximum 38, minimum 14 
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Table XXIIl. — Distribution m respect to Length of 2600 Individuals of the Human 
Strains VI to X The trypanosomes have been taken from the rat alone 










In microns 






14. 

16 

16 

17 

18 

19 

1 

20 , 21 

32 1 28 

24 

26 1 20 

1 

27 1 28 1 29 1 30 

' ‘ 1 

81 j 82 

38 

84 

Totals 

1 

12 

81 

97 

187 

260 

2S6 1 288 

262 1 283 

206 

178 1 140 

1 *i '1 ’| i 

109! 86 1 67 46 

18 j a 

1 

1 4 

1 

Per 

0 06 

0 5 

1 2 

8 9 

7 4 

10 4 

11 411 a 

10 4; 9 8 

8 2 

6 9!6^'4 4i8 4 2 318 

0 710 4 

0 2 

0-06 

oentages 

1 





1 

1 i 

! 




1 ■ 1 

1 1 

[ 

1 



C^AET 9 — Cuivtt repreneuting the Dwtiibutiun, by PeiceutageB, in respect to Length, of 
2">()0 IndlMduale of the Human Strains VI toX of the liyi>anosome causing Disease 
in Man in Nyasalaud, taken fr oiu the Eat alone 


It 




This curve is very similar to that made from Strains I to V,* except |^t it 
lies a little to the shortci side 


Table XXIV — Oompansou of the Percentagesof Postenor-nuolear Formsfound 
among the Short and Stumpy Varieties of the Human Strains VI to X 


Date 

£xperiment 

No 

Strain 

Animal 

Percentage among short 
and stumpy forms 

1918 

2289 

VI, Manakumpara 

Rut 

■ 

14 3 

1918 

2286 

VU, Toramn 

i> 

18*4 

1918 

2800 

Vni, Mekka 

1 >' 

24-2 

1918 

23S6 

IX, Mkanihama 

1 

tf 

28 6 

1018 

2487 

X| Dongolofi 1 

1 " 

5*0 

1 " ' 

1 

I 


Average 

17 1 


The average percentage of the Strains I to V was 17 8 microns 
* * Eoy Soc Proo.,* B, vol. 80, p 301 (1913). 
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Table XXV — ComjMinsoa of tlie MeaBuiementB of the Breadth of the 
Trypauosoines of the Human Stnana YJ to X 



Ezpftrunent 

So 

Strain 

Animal 


In imi mtiB 

Minim iiin 
breadth 

Average 

breadth 

breadth 

1913 

2239 

VI, Manakuuipara 

Bat 

2 76 

460 

1 26 

191S 

228H 

Vn, Yommn 

' ** 1 

2 61 

4 60 

1 25 

19M 1 

2800 

Vni,Mekka 

11 

' 2 68 

6 00 

1 25 

19ia { 

2386 I 

IX, Mkanthama 

1 { 

1 2 66 

5 UO 

1 26 1 

1918 1 

2437 1 

_ 1 

X, DongolfiHi 

, 1 

” ! 

I 2 71 

1 

4 60 

1 25 1 

„ 1 





2 66 

6 00 

1 26 ! 

1 


Conclusion 

These further hve strains of this tiypanobomc, isolated from five natives in 
Nyasalaud, lielong to the same species, Tn/parumma brucn vel « liodeaieme, the 
trypanosome causing disease in man in Nyasaland 


The Ti'ypanoaonte causing Disease in }tan tn Ngasaland 
II. The Wild-game Strain III Tiie Wild Glossma 
morsitans Strain Part II — Susceptibility of Animals 

By ttirgeoii-General Sir Havid Bbuol, OB, FRS, AMS , Major A E 
Hambkj'on, 1) so, and Captain I) P. Wai'SON, R.AMC , and Lady 
Bkuck, lill 0 (Soientihc Commission of the Koysl Society, Nyasaland, 
1912-14 ) 


(Received May 6, — Read Jane 25, 1914 ) 

Tntkouultion 

In previous papers* the morphology of these attains of ttypanosoines 
was described, and it was concluded that they are identical i»itb the try- 
panosome causing disease m man m Nymsaland, the Trypatumma rhodmmae 
of Stephens and Fantham, the T hrwm of this Commission 

This paper tabulates the action on animals of the tuo strains, and they 
are compared in this respect with each other and with the Human strain 
* ' Boy Soe. Proc ,’ B, vol 86 , pp 384 and 408. 

TOlu LXXZVm.— B. 


B 
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Animals Susceptible to the Tbtpanosomb causing Disease in Man in 

Nyasaland 

II The WHd-game Strain 


Table I 


Bate 

No of 
expt 

Source of titus 

Period of 
lui ubationi 
m days 

Buration 
of diBeaee, 
HI dayi * 

Bemarke 




Goat 



1912 






July 1 

718 

Hartebeesto 770 

7 

67 

Bied of Wild game strain 

1. 

700 

„ 957 

H 

60 

(t ti 


976 

, lOllO 

0 

27 

fy yy 

Aug 21 

1126 

, U42 

5 

26 

s ty 

.. 

1121 

£laud 1202 

16 

S2 

Also flhoived T 

n ^4 

1127 

Wnlorbuok 1180 


4» 

Dud of Wild game strum 

.. 28 

1213 

» 1210 

,0 

49 

Also showed T tapra 



Average 

8 6 

45 6 





Monkey 



June 19 

785 

Beedbuok 788 

8 

17 

Bled of Wild game si nun 

July 1 

776 

Hartebeentc 770 

7 

80 

yy yy 

11 « 

864 

Onbi 808 

7 

68 

t» yy 

M 28 

001 

liartebeeste 967 

18 

21 

* y 

» 27 

1001 

„ 1000 

0 

10 

»i y 

Aug S4 

1181 

Waterbuok 1180 | 

9 

40 

* »• 

. 28 

1211 

n 1210 1 

8 

79 

It »t 

Sept la < 

1348 

Beedbuok 1847 j 

10 

19 

»» » 

„ 88 

1466 

„ I486 1 

10 

60 

yy yy 



Average | 

9-0 

39 9 





Dog 



June 80 

784 1 

Beedbuok 788 

8 1 

11 

Bind of W ltd game strum 

July 1 

7S3 

I’aTtebwii'c T7'i 

7 

68 

i " ’ 

10 

846 

Moiikev 7b5 

5 

48 

1 It iy 

M 10 

846 

IkiK 788 

8 

48 

1 yy 

» 28 

802 

1 larlebeiMlie f 57 

6 

81 

1 yy yy 

„ ISh 

901 

M<iiia«p H84 

6 

48 

It yy 

» 27 

1002 

llanib ertc 

0 

69 

1 1 * yy 

Aug 1 

1144 

„ 1142 

1 

2S 

1 yt yy 

M 24 I 

1188 

Waterbuck IIHU 

0 

40 

1 ' " 

M 28 1 

1212 

„ 1210 

6 

26 j 

1 ly ft 

Sept 7 

1 1266 

M 12«4r 

16 

64 

1 

yt yy 

I. 18 

1 1840 

i Beedbuok 1347 

10 

38 

' 

» 88 

1437 

„ 1485 

10 

42 

1 41 1) 


1 

1 Average 

7 0 

41 *2 

1 




Bat 



July 10 

847 

Monkey 785 

5 

SO 

• Bled of Wihi-game stnun 

10 

840 

Bog 788 

8 

39 

1 It It 

» 26 

002 

Monkey 864 

6 

21 

1 

tt II 

Aug 18 

1070 

Bog 1002 

6 

17 

tt 

M 16 

1032 

e 802 

3 

SO 

1 

< It *1 

Sept 3 

1220 

Monkey 1181 

8 

64 

ly ti 



Average 

5 2 

31 8 



* DuTUMon moludes th« d£ inoubttioni li da1«R from tlw day of mooulaUon. 
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cauiing Di9ea$e in Man in Nyasaland. 

In making up the average incubation and duration, mixed infeotione are 
not inoluded It must be admitted that these averages are only approximate, 
as it is impossible to deal only with animals of the same age, weight, health, 
and powers of resistance Dogs, for example, fall away very much during 
the rains, when biting flies and ticks are numerous 


Table II — The Average Duration, in Days, of the Disease in Vanous 
Animals caused by the Wild-game Strain of the Trypanosome causing 
Disease in Man m Nyasaland 



G-oat 

Monke} | 

Dog 

White rat 

Avemga dumtion, m dayi 

46 

1 38 1 

1 1 

41 

32 

Ko of animaU employed 

i B 

1 

9 V 

Id 

1 


Compare this with tlie following Table — 


Table III — The Average Duiation of Life, in Days, of Various Animals 
infected with the Human Strain of the Trypanosome causing Disease m 
Man lu Nyasaland 



Goat 

t 

j Monkev 

j 

White rat 

1 Average duration, m days 

1 « 

j 2d 

1 *4" 

30 

1 No of animale employed 

I 

1 29 

1 

j 20 

1 

21 


Table IV —The Percentages of Hecovenes ui Various Animals uifected with 
the Wild-game Strain of the Trjpanosoine causing Disease in Man m 
Nyasaland 



Goat 

Monkey 

Dog 

White rat 

Peroentages • • 

0 

0 

0 

0 

No of aniinali employed 

6 

! 1 

18 

6 


Compare this with the following Table 
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Table V — ^The Percentages of Becovenes in Yarions Animals mfeoted with the 


Human Strain of the Try 

panosome causing Disease in Man m Nyasaland 


Goat 

lionkey 

Pog. 

White na. 

1 

Veroentagei 0 

No of animals employed | 20 

1 

0 0 

1 

20 26 

0 

21 


III The Wxld Glossma motsitans fUitnn 


Table VI 


Pate 

No of 
expt 

1 

1 

> Source of virus 

1 

' Penod of 
[ incubation, 
t in days 

1 

Pumtion 
' of disease, 
in da> B * 

iei2 
April 18 

487 

Dog 326 

Cattle 

0 i - 

M 18 

438 

1, *i25 

9 

- 1 

Jan 21 1 

86 

Wild flies 

Goat 

19 1 83 1 

Feb 1 1 

117 

Monker 20 

13 

60 

.. 18 1 

202 

Wild flies 

6 

24 

.. 1’ , 

201 

Pog lil) 

12 

27 

>• 17 

207 

I. 116 

9 

40 

AurillS ' 

421 

„ 326 

19 

180 

« 18 , 

423 

, 826 

9 

82 


424 

M 826 

9 

9J 

May 1C 

416 

Wild flus 

6 

10 

•Tune 12 1 

687 

Bat 648 

29 

82 

» 1* 

68H 

1, 548 

12 

46 

18 , 

630 

It 64eS 

12 

— 

.. 27 

716 

WUd flies 

10 

60 

Out 81 1 

1588 

•1 

8 

24 

Nor 2.1 1 

1626 

It 

7 

66 

» 27 1 

1688 

' " 1 

16 

64 

Pec 5 1 

16t.7 

If 

11 

80 

.1 8 ' 

1676 

yt 

4 

40 

.1 13 ' 

1686 

1 >» 

7 

88 

1018 





April 16 

2084 

Bat 2020 

5 

41 

» ^ 

208*5 

„ 2020 

19 

32 

M 16 

2080 

2020 

8 

82 

» 10 - 

2087 

„ 2020 

8 

89 

II 16 1 

2088 

„ 2020 

s 

44 

1 


Arenge 1 

1 11 8 

1 64 8 

1012 
Nov 25 

1630 

1 

1 

, Wild flier 

Pi 

14 

98 

1918 

Jan 21 

1 

1781 

1 

I 

It 

6 

210 

AiirillS 

2075 

fl 

11 

24 

MiV 1« 

2169 

II 

8 

26 


Koniarkv 


Bocoverud 


Pied of wild fly atmn 
Alio Bhowed T itmwe 
Pied of wild fly itmn 

I* s* 

»» *» 

I* »» 

Alio »iioweii T 9%m%m and T, peeorum 
Died of vtild fli itrain 

Still alive aft«r 224 dayi 

Pied of wild fly itnun 

Alio showed 7* peeorum and T eaprm 

Pitd of wild % Htmui 

Alio ilmwed T p9corufn 

f, T pecorum end T caprir 

,, T eaprm 

„ T pecorum 


Pied of wild fly strain 

II n 

fl » 

j| «i 

»• 11 


Alio iliowed T, stmm and T peeortm 


T peeofum 
T nefste 


* Pundloii include! the days of incuhatlcm i it dates from day of inoonlatlaiu 



causing Qisease tn Man tn Nyasaksnd. 

Table VI — ixmtvmed 
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Date. 

No ol 
•xpt 

Source of titub 

Period of 
incubationi 
in days 

Duration 
of disease, 
in days * 

Bemarks* 




Mon 

key 

1 

1012 





1 

Feb 

287 

Dog 167 

7 

28 

Died of wild fly strain | 

«* 27 

286 

,,211 

6 

62 

Also showed T 9im%H 

Mmr 18 

88J 

1 ChMt 117 

8 

81 

Died of wild fly strain 

April 18 

4iHS 

Dog ,126 

0 

71 

II II 

M 27 

492 

' 4. 430 

5 

08 


M»y H 

523 

< WUd fiios 

4 

5 

Also showed T nmi« 

M 

1 001 

1 

( *> 

0 

31 

„ T jpewriww 

June 7 

025 

» 

9 

88 

Died of wild fly strain 

>. « 

789 

„ 

6 

45 


Julj 24 

97U 

Rat 058 

H 


Still alive after 102 dai 

Sept 27 

1460 

V\ lid diei 

9 

18 

Died of wild fly strain 

Oot 29 

1680 

•» 

10 

12 

II >1 

1918 


' 




Jan 13 

1767 


6 

32 


Mav 14 

2161 

Kat 2082 

. 6 

80 


» u 

2162 

I „ 20M2 

6 

41 


» 14 

2168 

„ 2082 

5 

22 


14 

2164 

>. 8082 

6 

28 

1 

» 14 

2165 

H 2082 

8 

aa 




Average 

6"e 

! 88 7 





Dog 


1012 



1 



Feb 1 

116 

llouker 20 


28 

Died of wild fly siratii 

„ 16 

211 

Wild flieft 

fl 

— 

Killed March 2 

17 

167 

Dog 110 

9 

n 

Died of wild fly strain 

» 17 

1 248 

„ 110 

6 

28 

>1 II 

„ 17 

1 244 

„ 116 

6 

28 

II II 

Mar 0 

, 825 

Monkey 280 

9 

41 

II 11 

ApntlS 

486 

Wild thee 

7 

HO 

II tt 

.. 16 

440 

Dog 8i6 

6 

' 20 

II ii 

„ 18 

• 441 

326 

9 

00 

11 II 

.. 87 

498 

,T 480 

6 

60 

II II 

Mar 10 

686 

Wild fllDB 

8 

8 

II II 

» 18 

648 

1 

0 

42 

II II 

.. 17 

640 

Mook^ 628 

10 

61 

Also showed T pefrorttm 

.. 17 

551 

Wild flies 

8 

26 

II II f 

89 

605 

»» ' 

3 

18 

fi II 

.. 81 

602 

It 

6 

— 

Still alire after 175 days 

Jttu 8 

! 626 

,» 

8 

58 

Died of wild fly strain 

.. 88 

1 720 

*, 

5 

26 

II II 

JttlT 94 

071 

Bat 658 

8 

82 

1 

Oet. 80 

1587 

Wild flie. 

6 

80 

11 ii 

Mot JB 

1625 

M 

4 

80 

II If 


1687 

If 

12 

88 

II II 

, UiO. 7 

1676 

It 

6 

26 

II II 

« 18 , 

1661 

1 

4 

10 

11 11 

1918. 






Ju. 29. 

1782 

Rild flies 

9 

21 

11 ii 

U«r 14 

8146 

Bat 2082 

6 

17 

1 ri 

.. 14 

2147 

2062 . e 

8 

17 

1 11 

M 

N148 

» 2082 

8 

17 

11 11 

» 14 

8140 

„ 2082 

6 

11 

1 » 

» 14 

2150 

„ 2082 

» 

24 

II II 



Avmge 

6'4 

28*6 



* Ilivmtum iaoludei Uw dayi of incubation f it datei from dny of moouUtiou 
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Table VI — continued. 


Date 

of 

expt 

Source of Tims 

1 Period of 
inoubationi 
j in dayi 

Duration 
of dieeace, 
in day* • 

t 

Bemarksi 




Babbit 


1912. 




1 


ApnllS 

489 

Dog 826 

— 

1 ^ 

NereV shoired trypano«om»> 

vie 14 

1648 

rig 1686 

' 19 

1 18 

Died of wild By rtruin 

» 14 

1644 

„ 1686 

. 10 

80 

II II 

„ 14 

1646 

16J6 

> 83 

90 

II 1* 



Atemge 

28 7 

47 3 





6uinea-pig 


Feb 17 

280 

Dog lie 

16 

80 

Died of wild fly drain 

„ 17 

240 

„ 116 

16 

72 

It f* 

1 April 13 

448 

81 826 

— 

— 

Nerer ihowed trypanoeomes. 

lUj 14 

544 

Monke^f 492 


— 

11 11 

June 14 

076 

Dog64B 

— 

— 

II II 

M 14 

677 

M 649 

— 



„ 14 

678 

„ 642 

13 

116 

Died of Wild fly itrain 

» 14 

670 

642 

20 

104 

I* It 

„ W 

680 

661 

18 

89 

AIio ehoaed T p^rum 

.. W 

681 

» 661 

20 

42 

II II 

.. 1* 

682 

II 593 

— 

- 

Nerer ehowed trypanoeomes 

» 14 

6S8 

1, 696 

— 

— 

II II 

1013 






Jan 4 

1781 

Wild aiec 

15 

100 

Died of wild fly strain 

Mar 28 

2084 

Gktinea pig 1781 

10 

58 

II 11 

„ 28 

2086 

» 1781 

10 

89 

It II 

April 16 

2077 

Bat 2020 

15 

61 

•1 »i 

» 10 

2078 

„ 8020 

12 

81 

II *1 

» 10 

2079 

„ 2020 

8 

72 

II II 



ATWage 

18 6 

80 8 





Bat. 

4 

191B 


1 




rWb 17 

241 

Dog 116 1 

5 

17 

1 Died of wild fly stniu 

.. 17 

242 

.. US 

6 

16 

II IP 

April 18 

448 

.. 828 

9 

24 

II II 

.. 87 

494 

» 486 

12 

14 

If 1 

iUj 7 

519 

.1 *40 

6 

12 

fi It 


1 548 

M<mkay 498 

6 

20 

It M 

,, 17 ! 

! 650 

Bat 619 

6 

12 

18 II 

JniMll 1 

I 666 

Dog 649 

5 

86 

It *1 

» 11 ' 

656 

,, 648 

6 

19 

II 1 

» ]1 

' 667 

,, 661 

18 

81 

Alto showed T peeonwi 

•• 11 

1 668 

„ 698 

8 

48 

Died of wild ^ strain 

.. 18 

> 660 

602 ’ 

6 

70 

Alto sbosred T peeomw 

.JVC 8 

1604 

Monkery 970 , 

18 

40 

Died of wild fly etraia. 

1918 

1 

* 1 




Jfta 18 

1766 

Bat 1664 ' 

7 

71 

»i II 

Uar 81 

1 2020 

„ 1766 

18 

82 

It II 

.. 86 

2021 

» 1766 

^ 18 

22 

II 1 

Apnlie 

208l> 

„ 8020 

1 

27 

1* ti 

„ 16 

2081 

» 8020 1 

6 

81 

It ii 

» 10 

2082 

„ 8020 

5 

88 

It II 

.. 10 

2088 

.. 8020 

6 

27 

ft ii 1 

M»; IS 

2166 

» 8082 

8 

11 

M II 



AtoiBgi 

7 8 

26*8 



• Dtswlioa inol&dm the dayi of inoabotio&t it <X«tM from tiie of iaoeaUtieiu 
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Table Yll — The Average Duration, in Daye, of the Disease in Vanons 
Animals caused by the Wild Glomna morntana Strain of the Trypano- 
some causing Disease in Man in Nyasnland 


1 

Oi 

1 

1 Ooat 

1 Monkey 

Dog 

1 

1 Rabbit 

i 

0-uitit*a , 

m 1 

Wbito 

rat 

Arenkf{o dunt 
tion, in 1 

Beo 

1 6* 

1 

1 B6 

29 

47 

' fti 

1 

1 

26 

No of animalft 
employed 

2 

10 

1 

14 

26 

, 3 

10 

1 

16 


Compare this with the following Table — 


Table VI II — The Average Duration of Life, in Days, of Various Annuals 
infected witli the Human Strain of the Trypanosome causing Disease m 
Man in Kyasalemd 


1 

Ox 

Goat 

Monkav 

Dog 

Babbi^ 

Guinea- 

pig 

1 White 
rat 

Average dura 
tion, in da>i 

134 

U 

26 

84 

28 

1 

67 

80 

No of anunali j 
employed | 

1 

26 

20 

86 

7 

16 

81 


Table IX — ^The Percentages of Kecovenes m Vanous Animals infected with 
the Wild Glomna morntans Strain of the Trypanosome causing Disease 
in Man in Njasaland 



Ox 

Goat 

Monkey 

Dog 

Rabbit 

Guinea- 

pig 

White 

rat 

Pvreentagea 

100 

b 

7 

4 

1 0 

1 

0 

0 

No of ttnimaU 
employed 

2 

17 

15 

26 

« 

10 

19 


Compare this with the following Table — 
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Table X — ^Tbe Peroentaf^s of Becoveries m Vanous A mm alB mfeoted with 
the Hamaa Strain of the rrypanosome caiumg Dueaae in Man in 


NyaBaland 







1 Ox I 

1 

1 OuNt 

1 

Houkoy 

1 Thg 

Babbit; 

1 Quinaa* j 

j m ! 

Whita 

rat 

ParoentagM ^ 80 | 

0 

i “ j 

0 ! 

1 

0 

i 0 

1 

0 

o£ animali 1 6 | 

empio) od i | 

20 

ISO i 

1 1 
1 
1 

26 1 

1 

1 

7 

16 

21 


COMl’AKISON OK THE WlLD-GAME AND WiLD GiflSSINA MOIISITANS SlBAIKS 

wnii THE Human Sxrain ot the Trypanosome causing Disease in 
Man in Hyasaland 


Table XI — The Aveiage Duration, in Days, of the Wihl-g.iine, Wild frltmtua 
moisitam and Human Strains of the TrypauoHume causing Disease in 
Man in Nyusaland, m legaul to then Virulence towaids Vanous 
Animals 


Strain 

Ox 

Guui 

j 

1 Mouke) 

1 

I>Og 

Babbit 

Guinea 

P»g 

AVhita 

rat 

Human 

184 ' 

42 

1 

1 ^ 

84 ' 

28 

*57 

; 30 

Wild game 1 

Wild O 

_ 1 

40 

i as 

41 



32 

Bao 1 

1 

64 

1 as 

so ; 

47 

81 

' 26 


Table XII — The Percentages of Becovenes in Various Animals of the Wild* 
game, Wild Olosnna worntans and Human Strains of the Trypanosome 
lauBing Disease iti Man in Nyasaland 


Strain 

Ox 

Goat 

Monkey 

Dog 

Rabbi* 

Guinea- 

P>g 

wiata 

rat 

Human 

80 ! 

0 

• 

0 



0 

0 

Wild game 

-- , 

0 

0 

0 1 



0 

Wild & morsitans 

100 

6 j 

7 

^ ! 

1 ® i 

1 1 

0 

0 


Conclusions 

1 The {lathogenio action on various animals of the Human strain, the 

Wild-gamo strain and the Wild 0 strain is so much alike, that it 

may be concluded that they all three belong to the same species of 
trypanosome 

2 This species is T brueet v«l tkodemme, the trypanosome causing disease 
man in Nyasaland 
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The Trypanosome causing Disease in Man in Ngasaland Hie 
Naturally Infected Dog Strain. Part HI — Devdopment *n 
Glossina mursitans 

By Surgeon-Gkneral Sir David Bkuce, CB, FBS, AMS , MR|or A E . 
Hamehton. D S O , and Captain D P Watsok, R A M C. , and 
Ladv Bkuce, K K C (Scientific Commismon of the Royal Society, 
Nyasalaiid, 1912-14) 

(Received May 5, — Read June 25, 1914 ) 

Intkoduciion. 

In previous paiiers* the moiphology and action on animals of this strain 
of tiypaiiosome were described In this a short account of its development 
in GUmtna viormtans is given, in order to com{)are it with the development 
of the Kuinan strum of the trypanosome causing disease in man in 
Nyasaland t 

It 18 to be regretted that more material is not available, but, scanty as it 
IS, there is enough to show tliat this strain develops m the ahineutary tract 
ajnd salivary glands of G moi nfana in the same way as the Tryparumma 
brueei and gamhume group The Commission aimed at having five positive 
expenmen ts in every series of trauBiuiBsioii experiments, but in this case 
failed The failure was principally due to the difficulty ot piocunng 
laboratory-bred files, and also to the ftict that this strain of trypanosome 
does not leadily develop in G morstlam 

The Development of thiv Naturallt iNmiED Dog Stbain in 

G MOBSITAMS 

Eleven expenments were made with laboratory-bred flies Two were 
positive and nine negative 

Three hundred and seventy-six flies were need and fourteen were found 
infected-— 3 7 per cent Thu small percentage is partly due to the fact tliat 
in some of the experiments few or none of the flies were dissected. There 
is the same discrepancy to be noted here as in T brueei, Zululand, 1913 In 
some of the experiments not a single infected fly was found, whereas in 
Experiment 2018 a there were seven in a cageful of 36. 


* * Hoy Soo. Froo B, vot 08, pp 111 and 130 (1914) 
t Ibid B, vol. 67, p Aid 
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Table I — Laboratory-bred Flies 


Date 

Ezpt 

No of 
tiles 
used 

El pertinent 
poiitiTe or 
negative 

No of 
flies dt» 
sected 

No of 
infected 
flire found 

No of days 
Wore fliM 
became infeet&Tc 

Temperature 
at wnioh flies 
kept 

1912 
Sept 7 

1257 

25 


25 

0 


84"F (aHfC) 

Oft 23 

1499 

26 

— 

26 

1 


II 

Deo 3 

1668 

10 

* 

10 

U 


M 

1918 
Jan 18 

1768 

60 

1 

1 

18 

0 

1 

1 

84"F (2B“C ) 

II 

Mar 24 

2018 

65 


18 

2 


April 7 

2067 

80 

+ 1 

1 80 

8 

24 

II 

May 9 

201HA 

40 


86 

7 


II 

June 18 

2226 

40 

— 

8 

1 


If 

July 21 

2808 

40 

— 

29 ! 

0 


>1 

Aug 80 

2894 

40 

+ 

0 I 

0 

68 

II 1 

Kor 18 

2488 

20 

— 

15 

0 

I 

i 

1 

’’ 1 


Details of the Tivo Positive Experiments 

The following Table gives the details in the carrying out of the two 
positive experiments They were both earned out with laboratory-bred 
flies. 

Table II 
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Table II — rontinued 


Day 



Result 

of 


Procedure 

— 


oxpt 1 

I 



Positive 

Negative 


Rtfniarks 


Experiment 2067— 


May 1 

241 



2 

26 




» a 

20 




4 

>» fi 

27 

28 

1- 

Fed on clean Dog i064 


» 6 

20 



I, r 

80 


1 

8 

81 J 




n 9 

8j 

Starved 


1. 10 

83] 




M 11 

84 

* 

Fed on clean Monkey 2131 

+ 

12 

86 


1 

.. 1« 

30 

Starved I 

M 14 

871 


1 

» 16 

86 


' 1 

10 

80 


Fed on clem Guinea* \ 

„ 17 

40 


pig 2146 


M 18 

41 


' 

» 19 

42 J 


I 

1 

20 

48 

Starved | 

» 21 

4t 


/ 

» 22 
„ 23 

46 

40 


Fed on clean Duiker 2069 

+ 

, 21 

47 


t 

„ 2^ 

4« 

Starved | 

r. 20 

40] 


1 

27 

60 


1 

tt 26 

M 29 

61 

62 


Fed on clean Monkey 2164 

4 1 

1 

r ao 

531 

' 

M 81 

64J 

1 



Experiment 2394 

Aug 20 

1-6 

40 flics fed on infected 


to 


Kst 2389 


Aug 20 
Aug 21 

7 

Starved 


Aug 22 

B-66 

Fed on clean Dog 2404 

+ 

to 



Oot 24 





JL 


TrypanOMumo* appeured 
lu blood of Dog 2064 
on the Hist daj 


Trypanodomes appoaml > 
in blood of Monkey I 
I 2181 on the42Dd day 


Trypanosomes apwaivd 
m blood of Duiker | 
2050 on the OOth day ' 


Trypanosomes appeared | 
m blood of Monkey 
2164 on the 68rd day i 
All flioa dissected and 
tliree found infected 


Trypanosonusanpeared , 
in blood of Dug 2404 ' 
on the 03th day No 
flies disseoted 


fixpenuxent 2067 was a succesaful expenment, os all the anunala the fltea 
fed on beoame infected with the exception of the gninea-pi}}, and it will be 
ramembered that the gainea>pig was found to be refractory to this strain. 

Expenment 2394 also infected a dog, but aa none of the flies were 
dineoted none were found infected 

Erom these two experimenta it would appear that a period of from 24 to 
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68 daya may elapae before tbe cycle of development of the Naturally 
Infected Dcig stiam la oomplete in G monntanB and the fly becomea infective 

Vetails of the Nxne Negative SjperiTnents 

The following Table ahowa the method of procedure in carrying out the 
nine negative expenmenta In each of them laboratoiy>bred Hiea were iiaed 


Table III 


Sxpt 

Daj of expt I 

1 

Procedure | 

1 

Bemarks 

1257 

1-6 

26 fill** fed on infeilad 690 

All flies dissected 1 all 


6 

Starved 

uegatire 


7-44 

Fed oil clean Bog 1318 


1499 

1-8 

26 file* fed on infected But 1218 

All flies dissected , one 


4 

Starvoit 

found infected 


6--48 

Fed on eU*an Dog 1600 


1668 

1-8 

10 fiiee fed on infected Monkey 163U 

411 flies dissected , all 


4-6 

Starved 

pegatire 


6-23 

Fed on clean Monkey 1670 


176S 

1-8 

60 file* fed on infected Monkey 1534 

18 flies dissected, all 


4 

Starred 

negetire 


6-40 

Fed on clean Monkey 1778 


2018 

1-8 

66 fliet fed on infected Bate 1986 and 

18 flies dissected , 2m« 



2028 

fected 


9 

Starred 



10-80 

Fed on clean Monki y 2066 



81 

Starred 



82-46 

Fed on clean Dog 2112 


201Ba 

1-H 

40 fliei fed on infected Pog 2064 

36 flies dissected, 7 


9 

Starred 

found infected. 


10-86 

Fed on clean Pog 2172 1 


2226 

1-6 

40 flies fed on infected Bat 2214 

8 flies dissecti-d i 1 in* 

1 

7 

Starred 

fected 


B-87 

Fed on clean Dog 2288* 


2608 

1-2 

40 flies fed on infected Duiker 2069 

29 flies dissectedi all 


8-13 

Fed on infected Bet 2280 

negatire 


14 

Starred 



16-44 

Fed on clean Dog 2819 


2488 

1-8 1 

20 flies fed on infected Rat 2426 ] 

16 flies dissected; all 


4 

Sterred 

negative . 


6-88 

ked on clean Dog 2486 

e 
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BesuIiT of thb Dissectiok of the Infected Flies 


Table IV -Laboratory-bred Flies Positive Expenmefits Time, in days, 
means the number of days which elapsed between the fiist infective feed 
and the death and dissection of the fly 


Ezpt 

Time. 

days 

t*roboBOii 

FroTentn- 

culu8 

Crop 

Fore-^ 

gut. 

Mid. 

gut 

Hind- 

gut 

Salirory 

gUndd 

SOS7 

42 

_ 



i + 

+ 

+ 

_ 

2067 : 

i ^ 


+ + 

1 1 

( + 

+ 

— 

+ + 

20b7 

1 61 

\ 

I 

1 ; 

1 

+ 

+ 


\ 


In Expeiiment 2067, «^0 flies were used , all were dissected and three 
found infected — 10 per cent This expenment was carefully earned out 
from beginning to end, and yet only one fly was found with invasion of the 
salivary glands This one fly seems to have done all the mischief, infecting 
one after the other a dog, monkey, antelope, and Anally another monkey 
There is some doubt showt this last monkey, as the fly died 60 days after its 
Arst infective feed, and the monkey had only come into use the day before 
This particular fly, however, is reported not to have fed on that day, no fresh 
blood having been found m its intestine It may be that it attempted to 
ieed and so infected the monkey, but was unable to draw blood If this fly 
did not infect the last monkey, it is difhcult to explain its infection, as all 
the remaining flies were dissected on the 54th day and all found to be 
negative 

In Experiment 2394 none of the flies were dissected 


Table V — Laboratory-bred Flies Negative Exporimeuta 


Expt 


Proboscis 

! Proventri 

I oulus 

1 

Crop 

Fore- 

gut 

Mid 

gut 

Hind- 

gut 

, Bdhvary 

1 glands 

Moe 

U 


+ + 


+ + 

+ 



201S 

24 

— 

+ + 


+ + 

+ + 

+ + 

— 

S018 

30 




+ 

+ 


* 

2U1SA 

IS t 

— 




+ + 

+ 

— 

2018a 

U 

1 » 



+ + 

+ + 

+ 

1 — 

201Sa 

16 

1 

— 


+ 

+ 


1 _ 

2018a 

17 




+ + 

+ + 

1 + 

— 

•201SA 

18 

— 


i 

! + + 

+ + 

' + + 

— 

2018a 

86 , 

1 

1 


1 + 

+ 

1 


SOiSA 

86 




1 + 

+ 

1 

1 

2226 

88 


I 

! 

1 

1 + + 

1 

+ + 

1 

1 + 



One hundred and eighty ^'Ave Aies were dissected and 11 found infected 
— 6*9 per cent In none was there found any development in the proboscis 
nor invasion of the salivary glands. 
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From an examination of these Tables it will be admitted, m spite of the 
paucity of the mateiial, that the Naturally Infected Dog atiain belongs to the 
same group as T gcmhiense and T bi*um vel rhadmenne m regard to its mode 
of development in 0 morsUans. 

Thk Type of Trypanosome found in the Infected Flies 

A number of drawings ot the developmental forms of the Naturally 
Infected Dog strain of trypanosome was made frotn the alimentary tract and 
salivary glands of the infected tsetse flies In the intestine the same type 
of trypanosome was found which has already been described and figured in 
previous papers * In the only infected fly which showed a development in 
the salivary glands, the trypanosomes were described m the living unstained 
preparations as being exceedingly numerous, small and active In the 
stained preparations the trypanosomes were seen to be typical blood 
forms *’ and absolutely identical to those figuied in the development of the 
trypanosome causing disease m man in Nyasalandf and also lu that of 
T brum, Zululand, 1913 J It is therefore unnecessary to figure them again 

Conclusion 

The trypanosome of the Naturally Infected Dog strain belongs to the same 
gioup as T gamhuim and T brucei vel ihodmeuBe, the trypanosome causing 
disease in man in Nyasaland, and is probably merely a weak strain of the 
latter species 

♦ ‘Boy. Soc. Proo / B, vol 83 (1911) 

+ IbidL , B, vol 87, p. 516 
X Ibid , B, vol, 87, p 493 
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The Trypanosome causing Disease in Man in Nyasaland — 
The Naturally Infected Dog Strain. Part IV. — Expenmewts 
on Immunity, 

By Surgeon-General Sir David Bbuce, CB, FBS, A.MS , Majoi A E 
Hamketon, DSO, and ('aptam D P Watson, KAMO , and Lady 
Buuce, REG (Scientihc Commtsiaon of the Boyal Society, Nyasaland, 
1912-14) 

(Received May 5, — Itead Juno 26, 1914 ) 
iNriioDoriiox 

The following ex^ierimente were undertaken to find out whether the 
Naturally Infected Dog strain of the trypanoaoine causing disease in man 
in Nyasaland would protect against the other strains These different 
strains haie been described in pievioua iiapers as the "Human,” the “ Wild 
Game,” the “Wild Gfomna vKyimtani," "Zulnland, 19111,” etc, and here 
they will l»e known by the same names “ Human " will therefore mean a 
strain of this species of trypanosome coming from man, “ Wild G mornUam ” 
from a tsetse lly, and so on 

These imimimty experiments were neoessanly one-sided, as it was, with 
three exceptions, only animals which had recovered from the weaker 
Natuially Infected Dog strain which were available 
There aie practically no recoveries from the Human and other strains 
One goat apparently recovered from the Mzimba strain, and a goat, monkey 
and dog from the Wild G morntam strams, and are included 
There are, therefore, no completed oross-iuoculation experiments — or at 
least only one unsatisfactory one, Experiment 17 — as would have lieen 
carried out it material hud been foi thcouung 

It will be seen from the following experiments that the Naturally Infected 
Dog strain failed to immunise aninials against the Human, Wild G morsitam, 
and Zululand, 1913, strains, but it is not known whether tliese stiains, on 
the other hand, would have immunised animals against the Naturally Infected 
Dog strain or not — 
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j Date 


vm 

April 20 
, 22 


Expermieut 1, Dog 459, Naturally Infected Dog Strain 


i 


1 

hipt 

i 1 

Source of vinw 

Strain of 
trypanosome 

Period of 

1 incubation, 

1 in days 

j 

Duration of 
dUeaee, in 
days, or 

1 1 

1 ' 


i i 

J pooovery 

1 

1 

469 



From Dog 817 

Naturally infected 

19 

i 

B 


Dog 4^ * 



450 

From Chiinea-pig 1883 , 

Human 

4 

, 60 


\ I 


Jfttmar/ff -^Vog 450, which had recovered from Naturally Infected Dog Strain 49, when 
innoiilated with a Human atrain died in 50 da\8 
Cotu*/MWH — The Naturally Infected Dog itrain doee not protect againet the Human Strain IT, 
Chipoohola 


Experiment 2, Monkey 1792, Natuially Infected Dog Strain 


Daft 

( 

1 Fxpt 

1 

Source of virue 

( 

Strain ot 
trypanosome 

Period of 
incubation, 
in days 

1 

Duration of 
disease, in 
days, or 
recoren 

1018 

j 

1 

f 

I 1 

1 1 


Jan 22 

17«i 

From K«t 1741 

Naturally infected 

1 5 

K 




Dog 48 

1 

1 1 


June 24 

179J 

From lUt S167 

Natumlly infected 


— 




Dog 2088 



July 12 

im 

From Rat 19236 

Human 

9 

61 


Semerrite — Monkey 170^, which had retOTcred from Naturally Infected Dog Steam 48, and 
proved ininiuDe to Naturally Infected Dog Strain 2083, eucetunbe to the Human etruin 
Conr/uyton -—The Naturally Infected Dog atrain doe« not protect agamet the Human itmn, 
Yommu 


Expenment 3. Monkey 1793, Naturally Infected Dog Stmin 


Date 

Bxpt 

Source of vims 

Strain of 
trypanosome 

Period of 
Incubation, 
m days 

Duration of 
diseaee, in 
days, or 
recovery 

1 1313 1 
j Jan 22 i 

1708 j 

From Rat 1741 

Naturally infected 
Dog 48 1 

Naturally infected 

! 

6 

B 

June 24 

1708 1 

From Bat 2107 



1 July 12 j 

1793 j 

1 

From Bat 2230 

Dog 2083 

Human 

1 6 

1 

9 

1 


ffemarlrjt —Monkey 1708, whioli had recovered from Naturally Infeeted Dog Sinaln 48, and 
proved immune to Naturally Infected Dog Strain 2083, eoccmnlM in nine dayi to the Honwn 
■tram 


Conirliuton —The Naturally Infeeted Dog etmin dooi not pmteot agatnet the Hnman ttanin, 
Tonmu. 
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Experiment 4, Monkey 2164, Naturally Infected Df>K Strain 


Date 

Bzpt 

Source of ni us 

Strain of 
tiypanusome 

Period of 
incubation, 
in days 

Duration of 
disease, in 
days, or 
lecovery 

1918 

Mav 14 

2164 

From Hat 2001 

Naturally infected 



June 14 

2164 

From Dog 21*17 

Dog 2088 
Naturally infected 

_ 


July 81 

2104 

From Bat 2285 

Dog2U83 

Naturally infected 

_ 


Doc 17 

2164 

From Bat 2437 1 

Dog 46 

Human 

7 

Ahreiau 


JSemarka — Monkey 21d4» which wu proved to be immune affuinit the Naturully Infected 
Dog Strains 20S3 and 46, reacts readily to the Human strain 

Conrluaton — Immunity to the Naturally Infected Dog strain does not imph immunity to the 
Human strain, Dongolosi 


Experiment 5, Dog 690, Naturally Infected Dog Strain 


Date 

Expt 

Source of virus 

Strain of 
trypanosome 

I'enod of 
luoubatiou, 
in days 

Duration of 
disease, in 
da^s, or 
recovery 

1912 

July 17 

090 

Naturally infected 

Naturally infected 
Dog 090 

NatunUlv uifettcd 

P 

B 

Nov 22 

090 

krom Rat 1492 


— 

Deo 20 

690 

From Dog 1676 

Dog 48 

Wild G woratiana 

10 

4d 


->Dog 090, which had recovered from Naturally Infetiod Dog Strain 090, and proved 
immune to Naturally Infected Dog Strain 48, succumbs in 43 da}s to the Wild O strain 

Coftcluawn --^The Naturally Infected Dog strain docs not protect against the Wild O moravtanat 


strain 

Experiment 6, Dog 1530, Naturally Infected Dog Strain 


Date 

Expt 

Source of virus 

Strain of 
trypanosome 

Period of 
incubation, 
in days 

Duration of 
disease, m 
days, or 
recovery 

1912 

Cot 29 

1680 

From Bat 1491 

Naturally infected 
Dug 48 

16 

B 

1918 

March 21 

1680 

From Bat 1991 

Naturally infected 
Dog 48 

Wild G moraitana 


— 

April 11 

1680 

From Huinea*pig 2084 

1 

10 

23 


JSeMorXrt,— -Dog 1680, after having recovered from Naturally Infected Dog Strain 48, and shown 
to be immune on reinjection, readily succumbs to one injection of tb« Wild G tnoratUnu strain 
OoaofiMton —The Naturally Infected Dog strain does not protect against the Wild G, moraiiant 
ebraift 
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Experiment 7, Monkey 1534, Naturally Infeoted Dog Strain. 



1 

Kxpt. 

Source of virus 

Slnun of 
trypanosome 

Period of 
incubation, 
in days 

Duration of 
disease, m 
days, or 
recovery 

1584 

From Rat 1491 

Naturally infected 
l>og48 

6 

R 

1684 

From Rat 1991 

Naturally infected 
Dog 48 

— 

— 

1684 

From Rat 2020 

1 Wil(f G morsUamt 

6 

1 

17 

1 


1912 i 

Oot 29 X584 From Rat 1491 Ifaturally infect eii 0 R 

T>og48 

1013 

March 21 1684 From Rat 1991 Naturally infected — — 

1>Otf 4H 

April 11 1684 From Bat 2020 Wil(f G morsUamt 6 17 

Remarht — Monkey 1634, having recovered from Naturally Infeoted Dog Strain 48, and proved 
to be immune to the same etraini euooumbs in 17 days lo the U ild Q worsttaM iitrain 

Conclu€im —The Naturally Infected Dog strain dues not protect against the Wild G mortilam 
strain 

Experiment 8, Monkey 1630, Naturally lufected Dog Stram 


I Penod of 

Date Expt Souree of firue 

I inaays recovery 


Date 

Rxpt 

Source of virus 

Strain of | 

trypanosome 

Penod of 
incubation, 

1 in days 

1 

1912 





Nov, 22 

1630 

From Monkey 1634 

Naturally infeoted 
Dog 48 

10 

1918 


1 

1 



March 21 

1630 

From Rat 1991 

Naturally infected 

1 Doff4H 

— 

April 11 

1630 

From Guinea pig 2084 

Wild G momi^aas 

18 


—Monkey 1630, he Ting racoTpred from Naturallv Infected Dog Btrain 48, and shown 
to be immune on re-injection, suooumbs to the Wild Q morwUana strain 

Conelmwn — The Naturally Infeoted Dog strain does not proteet sgamet the Wild G momtonr 
■train 

Experiment 9, Goat 427, Naturally Infeoted Dog Strain 


Date 

Expt 

Source of virus 

Stram of 
trypanosome 

Period of 
incubation, 
in days 

Duration of 
disease, m 
days, or 
recovery 

1012 

April 20 

427 

From Rat 892 

Naturally infected 

10 

R. 

1018 

Jan 22 

427 

From Bat 1741 

Dog 48 

Naturally infected 



Feb 11 ; 

427 

1 

From Rat 1876 

Dog 48 

Naturally infected i 



Feb 28 

427 

From Dog 1906 and 

Dog 48 { 

Shdi^id, 1918 

88 

64 



Rat 1882 





JitmarkM — Ooat 427 has reoorored from Naturally Infeoted Dog Straiii 46, and has shown no 
reaotion to two re injeotiona, but when mooulated with T driMwi, Zululand, 1918, takes the 
disease and dies in 54 days 

CoNo/aeum —The Naturally Infected Dog stram does not protect ageuiet T 6raeaf, Zululand, 
1918 
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Experiment 10. Goat 432, Natuzallj Infected Dog Strain 


Date 

Bxpt 

Source of virus 

strain of Pen^ of 

f »vna nnAMMoi inOUbatlOU , 

farjrpanoaome ^ 

1912 
April 20 

482 

From Bat 892 

1 

Naturally infected ^ 26 

1918 

Jao 22 

432 

From Bat 1741 

Dog 46 1 

Naturally infected ^ — 

Fob 11 

482 

From Bat 1736 

Dog 48 

Naturally infected — 

Fob 28 

482 

From Dog 1906 and 

Dog 48 

Zuli&nd, 1018 1 31 



Bat 1882 

1 

1 


Dumtiou of 


reoovwy 


Mumarkf — Goat 432 has recovored from >(aturally Infected l>og 8ti:ain 48, but Bucoumbe to 
7' imoei, Zululand, 1(118 

Conrlution ->^The Naturally Infected Dog ttram does not protect againet T bmceif Zululand^ 
1918 

Exjjemneut 11, Sheep 456, NaturaUy Infected Dog Strain 

Penod of 

Date Eipt Source of viru. tr?!iZ.le ' 

! I I ^ recoTery 


Naturally infected 
llbg 48 

Naturally infected 
Dog 48 

Zululand, 1918 


1 

Date 

Bxpt 

1912 
Apnl 20 

436 

1918 
March 21 

466 

1914 

Jan 7 

460 


466 From Bat 1991 


From Bat 2470 


Alive 18 14 


Memarkf — Sheep 466 hae ret orered from Natiindly Infected Dug Strain 48, but reacts when 
exposed to the virus of T bruoe%, Zululand, 1918 

Oonelunon — Ihe Naturally Infected Dog strain does not protect against T bmcet, Zululand, 
1918 

Expentnent 12, Dog 1253, Naturally Infected Dog Strain- 



lUmmrkt — Dog 1868 hae recovered from Natonlly Infected Dog Strain 48, but succumbs to 
T. ftraen, Zululand, 1913 

The Natonlly Infected Dog strain does not protect against T bntce%t Zululand, 

nm g 2 
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Experiment 1 Z, Monkey 1794, Naturally Infected Dog Strain 


Date 

Expt 

Source of virus 

Strain of 
trypanosome 

Period of 
incubation, 
m da^s 

Duiatum of 
disease, in 
days, or 
recovery 

1918 

Jhi 22 

1794 

From Bat 1741 

Naturally infected 



Feb 28 

1704 

From Bat 1046 

Dog 48 . 
Naturally infected 

Am 


— 

Ma; 28 

1704 

From Monkey 2181 j 

1/Og 40 

Natumly infected 
Dog 48 

Naturally infected 

— 

— 

June 11 

1794 

From Monkey 2184 




« 24 j 

1794 , 

From 0uinea pig 

Dog 48 

Zululand, 1018 

1 1 

; ® 

; 

42 


Remark* — Motikej 17d4 has been prored to be immune to NatunJlj Infected Dog Stnun 48, 
but when exposed to the Zululand strain luocumbs 

Conclueton — Immunity to the Naturally Infected dog strain dues not imply immunity to 
T hrucei, 2Sulttland, 1018 


Experiment H, Monkey 1798, Naturally Infected l3og Strain 


Date 

Expt 

Source of vims 

Strain of 
trypanosome 

Period of 
incubation, 
in days 

Duration of 
disease, in 
days, or 
recovery 

1013 

Jan 22 

1708 

From Monkey 1680 

Naturally infected 
Dog 48 

Naturally infected 

1 Dog« 



Feb 28 

1708 

From Bat 1045 

— 

— 

May 22 

1708 

From Monkey 2181 

Naturally infected 
Dog 48 

Katumly infected 
Dog 48 

Zululand, 1018 ' 

— 

— 

June 11 

1708 

From Monkey 2184 

— 

— 

June 24 

1708 

From Guinea-pig 2225 

0 

16 


Remark* >—Monbey 1708 has been proved to he immune to Naturally Infected Dog Strain 48, 
but Buooumbs to T hrueexy Zululand, 1018 


Concheton* »The Nalurally Infected Dog etmn does not protect against T brmcet, Zululand, 
1018 
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Experiment 16, Monkey 2161, Naturally Infected Dog Strain 


DaU 

Ezpt 

Source of nms 

Strain of 
trypanoeome 

Fenod of 
incubation, 
in days 

Duration of 
disease, in 
days or 
recovery 

ms 

May 14 

2161 

I From Rat 2091 

Naturally mfeoted 



Jnne 14 

2161 

From Dog 2167 

Dog 2088 

Naturally infected 





Jaly SI 

2161 

From Bat 2285 

Dog 2038 

Naturally infected 




Deo 17 

2161 

From Bat 2451 

Dog 48 

ZuluTand, 1913 

7 

Alive 1 8 14 


Memarkg — Monkey 2161, piovad to be itnmuue to Neturnily Infeolod Bog Stmni 2083 and 4S, 
ahowi no immunity to T hrue&%, Zululand, I918» 


Expenmeut 16, Goat 639, Wild 0 momtanB Strain. 


Date 

Expt. 

Sonroe of rinis 

Strain of 
trypanosome 

Fenod of 
tnoubaiion, 
in days 

Duration of 
disease, in 
days, or 
reoovery 

1912 
June 12 

689 

From Bat 543 

Wild O morst^ant 

12 

B 

1918 

Jan 22 

689 

From Bat 1741 

Naturally infected 
Dog 48 

Naturally infected 


— 

Feb U 

639 

From Bat 1786 

— 

— 

Feb 28 

689 

From Dog 1906 and 
Bat 1882 ; 

1 

Dog 48 

ZuluTand, 1918 

10 

48 


JteMor Jr« — Goat 639 liaa vecorered from the Wild O morntant itrain, hae shown no leiu^tioii 
when moottlated with Naturally Infected Dog Strain 48, but ts killed in 48 days by T hrueei, 
Zululand, 1918 

CMofaMoa — The Wild O morniaiu strain, combined with the Naturally Infected Dog strain, 
has no proteotiTe powmr against T Arvest, Zoluland, 1913 









226 TrypanMCfim earning Diaeaae in Man *» Ngaealand 


Expenment 17, Monkey 970, Wild G momtama Strain. 


Date 

Expt 

Source of nrus 

Strain of 
trypanosome 

Fenod of 
incubation, 
in days 

Duratoon of 
disease, m 
days, or 
reoorery 

1912 

July 24 

970 

from Bat 058 

Wild O martiiam 

8 

B 

1918 

Jan 2 

970 

From Bat 1664 

« 

Wild G morfiianM 



.. 17 

070 

From Hat 1740 

Uitd Q morrifAM 

— 


Feb 4 

970 

From Bat 1814 

Naturally infected 
Dog 48 

0 

B 

., 28 

970 

From Bat 1045 

Natnmly infected 

— 


March 16 

070 

From Guiuea-pig 1657 

Dog 48 

Human 

9 

71 


JRemarki Monkey 970, after reoovcnng from the Wild G morniatut straini ibowe a reaction 
to Naturally Infected Dog Strain 4S, and Anally sucoumbfi to a Human strain 

Cancfunon — The Wild G morniant strain does not |)roteot against the Naturally Infected Dog 
strain, nor does the combination of the two against the Human Strain V, Chibibi 


Experiment 18, Dog 602, Wild O mormtans Stram 


Date 

Expt 

Source of nrus 

Strain of 
trypanosome 

Period of 
incubation, 
in days 

Duration of 
disease, in 
days, or 
reoorery 

1912 

■■ 





Kay 81 


Wild Aies 

Wild G mortiiam 

5 

B 

Not j{2 


From Guinea pig 1838 j 

Human 

6 

28 


Smarkt —Dog fl02, whiah had iwooTered from the Wild 6 mor»tta»$ atnun, when inoonlated 
with a Human itraln died in 86 day* 

CoNdleiten — Ihe Wild O Morntaa* atnun doee not proteot agamat the Homan Strain IT, 
Ohipochola. 

CONCLDBIONS 

1 The Naturally Infected Dog atram does not protect animals from the 
Human, Wild G morninTui, and Zululaud, 1913, atraina. 

2 The Wild G mors%tans atram and the Naturally Infected Dog atrain do 
not proteot animals from tlie Human or the Zululand, 1913, strain 

3 The Wild G morntant strain does not protect against the Human 
strain. 

4 In spite of the damaging evidence of these expeiiments,the ComnuBsion 
still holds the opimon that the Naturally Infected Dog stram is a weak 
stram of the trypanosome causing disease m man in Nyasaland, T hnten 
vel rhodenmat 
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The Colouring Matters %n the Compound Aacidtan Diaasona 

violacea, Scmgny. 

By Alkred Holi, MA, DSc 

(Communicatod by Prof W A Herdman, F K S. Received May 12, — 

Read June 18, 1914 ) 

1 Expeiimental Obstrva^wns 

The present investigation on the colouring matters of the compound 
Ascidian molnreay Sav (ae Synteihys h^hidicm, Forbes and 6ood<iir), 

had its origin in an observation of Prof. W A Herdman while dredging in 
the neighbourhood of the Outei Hebrides in 1912 
Some specimens of this rare Ascidian were collected by Prof Herdman. 
which showed whilst alive the green tint described by Forbes and Goodsir,* 
but on placing them in alcohol for pnr|>oses of preseivation it was found 
that after a few hours the alcohol had acquired the ongmal green colour 
of the Ascidian, while the organism itself had changed to violet, a shade 
nearly complementary to that of the living animal A description of these 
specimens has already been published f 
During another expedition to the Hebrides in the summer of 1913, Prof 
Herdman obtained so many specimens of this organism that it was possible 
to use some of the material for an examination into the nature of the 
green and violet pigments, but a complete study has been impossible 
owing to the minute quantity of pigment found in any one Ascidian 
colony, and to the fact that no fresh and living material was at my 
disposal The green alcoholic solution obtamed frolu the Bpecimens collected 
in 1912 had been examined, and a brief account of the msults was given 
in the aliove-mentioned pajier in the Journal of the Linneau Society, but 
It will be useful to begin by recapitulating them here, and also to add 
some further information 

The green colour of the solution was not unlike that due to chlorophyll, 
and It exhibited well marked red dichroism The alworption spectrum 
consisted of a broad band in the orange red, which was chaiact-ensed by a 
more distinct edge towards the red than towards the yellow, and there was 
also practically complete absorption at the blue end of the spectrum The 
band had the greatest intensity about X s 620 and the absorption m the 
blue and violet began at X » 470 and continued downwards 
Though not identical, this spectrum is not unlike that of true chlorophyll, 

* “ Boy Soa Edin Trans vol SO, p 307 
f ‘Ijinn Soc. Zool Journ/voL 32, May, 1913 
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in so far that the general absorption towards the violet begins at idmost 
the same pomt, and that there is a very definite band in the orange red 
The two spectra are shown m the accompanying figure, where their points 
of agreement and disagreement are more immediately visible 
In 1875. Sorby* olitained a green alcoholic solution from the Glephyrean 
worm Bondlia vindta, which, when exammed spectroscopically, gave an 
absorption spectrum which also resembled chlorojdiyll in some respects 
In neutral solution there was a very pronounced band at X » 63C n/t and 
distinct bands at \ a 587, 520, and 490 /i/t, but he does not record any 
general absorption for \<470/i/a His sj^ioctrum (“ bonelleiue ”) is also 
reproduced in the figure tor the sake of companson 
Judging solely from these observations, it appears very probable that the 
green solutions from Diasona and JionfUta contain either oblorc^hyll (for 
chlorophylls from different sources have not identical spectra), or some 
closely related chlorophyll body 

On cutting a violet, alcohol-preserved specimen of Duvuma m two, it was 
found that the tint only extended a short way (about 1 cm) beneath the 
surface, by far the larger mass of the colony (perhaps 20 cm across) 
remaining a pale greenish yellow The coloured outer portion of a specimen 
was therefore removed, and extracted with absolute alcohol A blue-green 
solution was slowly obtained, but only a very minute portion of the violet 
pigment appeared to pass into solution On cooling the alcoholic extract 
the blue-green colour became both paler and more yellow, though the original 
tint was restored on reheating, while after standing m the cold for some 
days a very small quantity of a substance having a violet tint identical 
with that observed in the outer portions of the colony was precipitated, the 
solution from which it had separated being now yellow-green Extraction 
of the inner portions of a colony with absolute alcohol gave a solution of an 
almost pure yellow tmt, scarcely any trace ot green being detectable by the 
eye No change took place either on cooling or after standing for some time 
The siieotrum ot the blue-gi^n solution appeared to be similar to that 
already described, there being absorption in the red, and general absorption m 
the blue and violet, but the yellow solution from the interior of the colony gave 
no distinctive band, but only a general absorption of the more refracted rays 
On standing tor several days these solutions became somewhat paler in tint, 
but attempts to concentrate the colour by distilling off the alcohol resulted m 
such turbidity that spectroscopic observatiODS weie imixwsible The original 
green solution obtained from the 1912 specimens lias scarcely altered in tint 
(April, 1914), but on concentration it also becomes turbid 
* ‘Quart Jour n Mtoiosc Sci,’voLlfi, p 167 
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a Diazona (green uolution) in alcohol 
h Chlorophyll in alcohol 

e Bonelleine, green neutral solution m alcohol Sorln 
d DiHKOiia (yellow eolation) m alcohol 
e Chlorophyll (yellow pigment) m ah^ohol 
/ Diaaona (purple pn^ment) in acetylene tetrachloride 
g Pmpura (purple pigment) in acetylene tetrachloride 
4 Bonelleine, purple ooid solution in alcohol Soil>^ 


230 


Dr. A. Holt Coiouring Matterg m the 

A few of the 1913 apecitnons had been preserved in formaldehyde solution 
instead of in alcohol These had retained their natural green colour, and on 
treatment with alcohol gave a pale yellow-green solution, the (nganism 
itself becoming practically colourless, no trace of purple being observed 
Tliis pale yellow solution showed a faint absorption in the blue and violet, 
but no band m the orange-red All the above greenish or yellow solutions 
were shaken with carbon disulphide to see whether any separation of the 
colouring matter could be effected The green 19l2 solution after repeated 
shaking changed to a yellow, or browmsh yellow, both the alcohol and carbon 
disulphide layers being coloured to about the same tint 

The green solution from the outer [mrtion of a colony gave a green carbon 
disulplude extract, the alcoholic solution becoming yellow. From the strength 
of the colour it appeared that there was far more green than yellow pigment 
present The yellow solution from the inner portion of the colony gave an 
exactly similar separation, but there apiieared to be but little green pigment, 
as the carbon disulphide became only slightly coloured 
The greenish yellow solution from the formaldehyde-preserved specimens 
was quite unaltered by shaking with carbon disulphide, this solvent seeming 
to dissolve no colouring matter 

The green carbon disulphide extracts all showed an absorption band 
X B 620 lilt and general absorption for X < 470 ft/t, the yellow alediolic 
portion exhibiting only a faint general absorption in the blue and violet 
No satisfactory chemical observations could be made with any of these 
solutions Acids and alkalies gave no very oharacteristio reactions, as the 
addition of either merely caused the solutions to become somewhat mure 
} ellow This was particularly the case with alkalies, acids often appearing 
to have no action, Neutralisation of the alkaline solution did not restore 
the original colour. Acid or alkaline hydrogen peroxide was also without 
visible action 

Saturated banum hydroxide solution gave a greenish precipitate with the 
green solutions, the supernatant liquid being yellow, while with the yellow 
solution the precipitate had a yellow tint, though the liquid eras not com- 
pletely discolored by the banum salt There was too little precipitate to try 
the actiou of an aloobol-glycenne solution of bone acid 
The unsatisfactory nature of these reactions is mainly due, no douU, to 
the great dilution of the solutions employed, but the fact that neither the 
specunens of Diatum nor the alcohohc extracts were fredi may be a con- 
tributing factor, for chlorophyll bodies are not very stable 
It may be mentionod that fresh chlorophyll is altered in a non-reversible 
direction by acids, whereas t'be pigment from SoneUta, as deaenbed by 



Competence A^ddia/n Diazona violaceai Sadgny, 231 

Sorby, changed to purple when strongly acidified, but regained its onginal 
shade on neutralisation. 

From ell the* above observations it must be concluded that the green 
colour of Ihaisona probably results from some chlomphyll-hke body Though 
the spectra are not exactly those of ordinary plant chlorophyll there is quite 
a resemblance, and the asHociation of separable green and yellow pigments 
from the alcoholic solution is also very suggestive 
If it 18 a chlorophyll l>ody one is driven to the view that the green colour 
anses from a symbiotic alga, as chlorophyll does not appear to be a likely 
pigment for a marine animal In a monograph on the oom})«)imd Ascidian 
Fragaroiden aurawtwnm^ by Charles Maurice,* the pigmentation of the test 
IS described, and the author concludes that there the yellow pigment cells 
ate in reality algie (a Prirtococem^ which contain chlorophyll He comments 
on tile fact that these algee when free show colours ranging from green to 
yellow, and that Iheir cells during the period of reproduction resemble most 
closely the colour and structure of the globules lu the test of the Aseidian 
There are, however, thi’ee possible objections to this view Firstly, Ihazontf 
has been collected from a depth of 60 fathoms, and it would appear to be 
most impiobable that sufficient actinic light would penetrate to that depth 
to cause the formation of chlorophyll Secondly, there is the evidence of 
Pizonf that in certain Tunicata which show very similar pigment cells to 
those of Diazona the yellow or yellow-green pigments result from the waste 
products of the organism, and are gradually excreted from its surface Chloro- 

phyll would hardly be a waste product Thirdly, the pigment cells in Diazoma 
are far smaller than the algal cells ui known cases of symbiosis The cells 
appear as minute spheics filled with one or more drops of an oily substance 
(judging by their high lefractive index), and do not appear to show the 
structure of an algal cell Until it is possible to work with some fresh, 
living colonies of JOiajsoTia, nothing more definite concerning the green 
pigment can be said than that it resembles chlorophyll in many respects, 
but 18 not identical with that ordinarily obtained from plants It is, 
however, more like chlorophyll than the green pigment obtained by Sorby 
from Bmuilui, and possibly represents algal cells 
Extraction with alcohol having shown tliat the purple pigment was all 
but insoluble, some 400 gmi. of the organism wete worked up on the hues 
employed by Friedlander in tiie case of the Mollusc Mareon hrardans t 
The matenal was first ground will) sand and then digested for seveial 

* < Arch de BtoL,* Li6gc, 1668 
t *Compt Bend 1609, p 395, and 3901, 17a 

t ‘Bw./ 1909, p. 76ft 
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hours with hot dilute sulphuno amd, fresh quantatiee of acid beiiig used till 
the yellow tint at first imparted to it was no longer visible The mixture of 
animal matter and sand was then boiled with several portions of water and 
filtered. It was next extracted with alcohol Finally, it was treated in 
a Soxhlet with ethyl benzoate or acetylene tetrachloride These solventB 
acquired a fine blue colour, and exhibited a strong purple-red diohroism 
On cooling, the solutions gradually deposited a fine purple-black powder, 
which after recrystallisation and washing with etlmr did not greatly differ in 
tmt from the violet colour of the Ascidian colony when preserved in alcohol 
When quite dry this purple powder had a distinct coppery lustre It was 
insoluble in water, alcohol, and ether, but soluble m anihne, pyndine, 
quinoline, nitro-benzene, ethyl benzoate, and acetylene tetrachloride, though 
tlie solubility varied with the hquid Thus, though easily soluble in hot 
acetylene tetrachlonde, it was almost entirely reprecipitated on allovnng the 
cooled solution to stand for some hours 

In every case the solution was blue with a greenish shade when very 
dilute, changing to pure blue, and subsequently violet blue, on concentration 
When hot both the violet colour and the diclfroism were more pronounced 

The absorption spectrum was determmed in both hot and cold ethyl 
benzoate and acetylene tetrachloride 

The ethyl benzoate solution in the cold showed an absorption band with 
a maximum about \ a 611 /i/i, though absorption began at Xs:6I7/4/» 
When heated, the maximum was shifted to X ss 606 /lya, the band being very 
indefimte towards the green, the total absorption rangmg from X6l7/t/t to 
X598/*fi In acetylene tetrachlonde the maximum absorption both when 
hoc and cold was shifted towards the green, the maximum when cold being 
X Bs 606 fhfi, and when hot X m 598 fift 

The pigment dissolved m concentrated sulphuric acid to form at first a 
pmkish solution, which rapidly changed to a dirty purple colour. On standing, 
or more rapidly on warming, this colour changed to a brown tmtVith a green 
shade in it, or if sufficiently strong to a dull green The pink colour appeared 
to be of a transient nature, depending for its stability on concentration and 
low temperature 

Addition of water to the cold acid solution precipitated the pigment, so it 
must be concluded that it does not form a soluble sulpho-salt, as is the case 
with indigo, but after heating, the addition of water caused the separation of 
a dqll green flocoulent precipitate, not the original pigment. 

The colouring matter was insoluble m alkah, but gave a colourless solution 
witli an alkaline reducing agent. Owmg to the small quantity available it 
was impossible to try its action on cotton satisfactorily, but a cotton clotii in 
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which an Ascidian colony bod been wrapped during preeervation waa found 
after drying and exposure to air and light to be dyed with a pale pink, not 
very fast, colour Qualitative examination showed the presenoe of a halc^n, 
apparently bromine, for after treating a few milligrammes of the dyestuff by 
the Canus method a pale yellow silver precipitate was obtained which did 
not appreciably darken in sunbght and which was slowly soluble in excess of 
ammonia 

The general behaviour of the oolouriiig matter was thus seen to resemble 
a dibrommdigo, which has been shown by Fnedlander to be the dye in the 
case of the Mediterranean hranyddru The chief point of difference 

appeared to V)e the bluer shade of tint in all the solvents employed, the 
greater solubility in ethyl benzoate or acetylene tetrachloride, and exce])t in 
strong, hot solutions the displacement of the maximum of the absorption band 
somewhat towards the red 

As living specimens of Murex biandaris in quantity were not available for 
the sake of comparison, the pigment from the closely i elated British Mollusc 
Purpura lapxllm was therefore examined 

The purple pigment of this mollusc has already been studied by many 
chemists * 

In the present instance the colouring matter from material collected at 
Port Enn, Isle of Man, was extracted in exactly the same way as described 
by Fnedlander for Murex haTidaru, and was obtained in a pure crystalline 
condition from solution in etliyl tenzoate or acetylene tetrachloude 

It will Huttice here to say chot its appearance and reactions agreed in every 
particular with the dje from Murex IrantUms — 66'dibromimhgo Solutions 
in various solvents wore more red purple than those from Diaxona, and its 
absolution band in hot acetylene tetrachloride gave X = 584 /i/i The other 
three isommc symmetrical dibromindigos have recently been described by 
Fnedlander, t and their absoi'ptiou and behaviour m concentrated sulphuric 
amd are given for reference from the above mentioned paper 


Oomj^und. 


Colour in oonoentrated lulphuno sold 

44' dibrammdigo 

66' 

w* 

618 

Blue 

621 

Blue 

w 

686 

Dull Tiolet brown 

77' 

608 

Greeuah blue (peaoook blue) 


* Banerolt, ^Philosophy of Permanent Cbloius/ 1008 , Negri, ‘Gaz. Chent ItaL/ 1876; 
Sohunk, ^Chem. Soc. Trana.,* 1870 and 1880 , Letellier, ‘Compt Bend / 1880 
t *Ann* Ohetn / voL 888, p S8 (1018} 
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It vnll be observed that while the pigment from Duaona in some respects 
agrees with the 66' body, in other lespeots it more resembles the 77' isomer, 
which gives blue solutions in solvents, the colour being not unlike that of 
indigo. Possibly the Ihazona pigment is some other isomer, or an indigo 
with a different number of substituted hydrogen atoms, but it is impossible 
to decide this point without far larger supplies of matenaL 

For the sake of ooinpaiisou, in the figure (p 229), the positions of the 
absorption bands for the violet or blue solution'^ obtained from Duaofnn, 
BmieUia, and Purpura are shown 

2 Or%g%n and Poi motion of the Vwlet Pigment 

The experimental evidence so far available does not enable one to ascribe 
any certain ongin to the violot pigment nor to account for its development 
in such different organisms as Mollusca (Murex and Purpura), Vermes 
(Bonellta), and Tunicata (Diazona) Nevertheless it may Ite useful to collect 
such evidence as theie is at present to hand 

In the case of Murej. brandarta it seems to be well established that the 
colour has a jihotogenetic ongin, but in Murex truneulua this is not tlie case, 
according to Negii {loc nt,). In Purpura lapMua the pigment is produced 
both by the action of sunlight, and by hydrochloric acid in the dark, this latter 
observation agreeing with the behaviour of .fionc//tat)trufwaocordingtoSoTby 
Further, the pigments produced photogeneUcally in these organisms are 
uniformly insoluble m alcohol, while those resulting from the actum of amds 
are soluble In the case of Diatom it is by no means certam that the pig- 
ment has a photogenetio origm Prof. Herdman has recorded the gradual 
production of violet colour in the living organism under the influence of sun- 
light, the original yellow-green tint changing first to blue green, then indigo 
blue, and finally a dull or dirty violet, but he is of i^tmon that this colour- 
change attends a moribund condition There is, however, no evidence that 
this change would not have taken place in the dark Natural violet-coloured 
specimens of the Asoidian have been obtained ahve m the Mediterranean, 
near Naples, and also grey-green specimens which have remained unaltered 
after preservation in alcohol* but these natural violet speoiineiis do not 
appear to bo healthy, and hence the' formation of the dyestuff may 
accompany or lesult from a metabolic change. In alcohol the colour is 
produced in dark, for the specimens were placed in a dosed tank 
immediately after they were collected Microscopic examination of an 
alcohol-preserved specimen shows the purple colouring matter apparently 
precipitated in the sphenoal pigment cells of the test, these cells m the inimr 
* See Herdnuin, ‘Lmn Soo Jeom.,’ 1818. 
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portion of the animal being filled, as already mentioned, with a bright 
yellow-green oily-looking substance 

It 18 possible that the action of the alcohol may lie merely that of 
precipitant, for if the dyestuff (which gives a blue solution) were dissolved in 
this oil the resultant colour would be the green of the living oiganism 

The chloroplasts, as mentioned above, appear to contain a substance the 
solution of which in alcohol has an ab«>rptton spectrum resembling a yellow 
chlorophyll body, but it does not follow that they only contain this com- 
liouiid Some solvent for the iiid^o denvative may (piite possibly be 
present in them os well 

Now if this solvent is miscible with alcohol its removal would precipitate 
the colour body in its solid, violet-tinted form The akoholic solution, 
however, would still have a greenish tint, since some of the pigment would 
dissolve in the alcohol-solvent solution, exactly as in the case of othei 
three-component systems, and so add its blue colour to tlie yellow of the 
ohlorophyll-like substance 

Hence the presence of pigment in the aloohohc solution need not 
necessarily imply the existence of a second colour body soluble m alcohol, and 
this indeed is believed to be the origin of the traces found in some of the 
alcoholic extracts examined during this investigation It was remarked that 
the traces of colouring matter thus obtained were insoluble in absolute 
alcohol, a fact quite in accordance with the above view, since none o< the 
natural animal solvent would then be present 

It must, however, be pouted out that if the green colour of these extracts 
was due to the presence of a minute quantity of the violet pigment one would 
expect the spectrum to exhibit an absorption bond about \ = 606 and not at 
\ H 620 /u/u It 18 of course a possibility that the animal solvent may shift 
the absorption band this amount towards the red, though this seems somewhat 
improbable in dilute solution in alcohol It is far more likely that the traces 
of violet pigment found in the alcoholic extract had their origin u a disinte- 
gration of parts of vtbe organism during extraction from purely mechsniesl 
causes. Though the production of the violet colour could thus be explamed 
when specimens are preserved in alcohol, this precipitation theory seems 
scarcely sufficient to explain all the observed facts According to this view 
the gradual production of the colour as observed by Prof Herdman m 
living epeciniena must arise from its production u such quantity that it can 
ao longer be kept in solnliou by the solvent m the pigment cells, yet there is 
no evidence that there is more colouring matter present under these ciroum- 
atanoea than when an ordinary green healthy colony is placed directly m 
alcohol. Further, it affords no explanation why the pigment is produced only 
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on the extenor, and not throughout the mass of the colony. It may also be 
remarked that a minute quantity of the pigment causes an intense coloratiim 
of its solvents, so much so, that if all the violet colouring matter in a colony 
was in solution during life the colour of the organism would almost certainly 
be a bright blue, not yellow green, as it would entirely made the yellow of 
the chlorophyll body 

The non-production of violet colour in the formaldehyde-preserved 
specimens is what one would expect from an 'indigo denvutive, for the 
rednoiiig action of the aldehyde would certainly produce colouiless indigo- 
white denvatives, if indeed the whole molecule was not split up 

The recorded phenomena can, however, be explained if we supfiose that in 
the healthy animal the pigment is present dissolved in tlie pigment cells in 
Its reduced condition as a chroniogen Owing to its natural tendency to 
oxidation the animal by maintaining it reduced could use it as an oxygen 
carrier, and, since tlie only available oxygen is in the surrounding water, its 
presence would only be expected on the extenor of the colony, though the 
green-yellow chlorophyll-like pigment is present throughout its mass As 
soon as the animal became moribund or unhealthy metabolic processes would 
change and oxidation would begin, with the consequent production of colour. 
In the dead animal oxidauon would be complete, and the colourless body 
converted into the violet pigment The same change would ocenr m alcohol, 
which by killing the ammol would allow oxidation to proceed rapidly 

The colour results no doubt from the action of an oxydase, which in the 
formaldehyde-preserved spemmeiis would be destroyed, and hence no colour 
would result Until it is possible to expenment with living coloiues one 
cannot express a definite view, but it appears more probable that some such 
series of changes as is outlined above takes place, rather than that the body 
in Its fully oxidised condition is present m solution in the pigment cells of the 
live animal. 

With only preserved colonies available it u not possible to prosecute fordier 
this enquiry as to these green and violet pigments or to express any opinion 
as to their possible relationship, as regards function m the orgamsm, to diose 
found in Bonelha and vanous Mollusca. 

In conclusion niy thanks are due to Piof. Herdman lor providing several 
complete colonies of Thmxm and the green idcobidie solutions obtained 
directly from the living organisms, and tor suggesting to me that a 
investigation might throw Airtfaer light on the colour relations ot the violet 
Dtaxona wAeum and the green condition known os hebndteuK 
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Some Accessory Factors tn Plant Ghrowth and Nutrition 

By W B Bottomlby, M.A, Professor of Botany, University of London, 

King’s College. 

(Communioated by Prof F W Oliver, F.B S Keceivod May 29, — Bead 

June 18, 1914.) • 

Beoent research has demonstrated the importance of the presence of 
minute amounts of certain substances as aocessoiy factors in normal 
dietaries of man and animals The most striking examples of the 
influence of these substances are seen in their curative effect on the diseases 
of ben-ben and scurvy, and their stimulative effect on the growth of young 
animals 

Beri-lieri is caused by the deficiency in a diet of polished rice of a 
nitrogenous substance, small amounts of which are essential for the 
metabolism of the nervous system The curative substance is found in 
noe husks, barley, wheat, lentils, yeast, egg-yolk, milk, etc, and is pre- 
cipitated from an aqueous solution of an alcoholic extract of these bodies 
by phosphotungstic acid It is effective in very minute amounts, an 
addition to the diet of 0 02 gnn of the active fraction of the extract 
ouimg polyneuritis (ben-ben) in pigeons 

Scurvy also is caused by a diet adequate as regards proteins, carbohydrates 
and fats, but deficient in some constituent, small amounts of winch are 
essential. This anti-scorbutic substance is found m limo-jnice, fresh 
vegetables and fruits, and, like the curative substance of ben-ben, is 
precipitated by phosphotungstic acid 

The special unportauoe of small amounts of substances of unknown com- 
position in the metabolism of growing animals has been demonstrated by the 
recent researches of Osborne and Mendel* and Hopkms f These investiga- 
tions have shown that young lats, fed on a diet oonsistmg of a mixture 
of pure proteins, carbohydrates, fats, and inorgamo salts, failed to grow, 
but on the addition of a very small amount of certain substances obtained 
from milk growth was normal. Hopkms found that the fraction obtamed 
from a phos^otungstic acid precipitation of proteid-free milk contamed 
the aobve sabstanoe and gave* excellent growth results As a result of 
hiB expenments he states that ** the presence ol mmute traces of certain 

* Osborns and Mendel, Osmegie Institutioa Publkation No 106, Parts 1 and II, 

Isa 

t V, Q, Bopkina, * Joum. Pb^rsioL,' vol 44 <1912). 

TOL ucxxTta— a, t 
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organic sabstanoeB are, without doubt, eeaential for the proper nutrition 
growing animals ” 

Yeiy little is known as to the nature and composition of these enbstanoes. 
Unfortunately, the active substance appears to be largely destroyed by 
chemical manipulations, and it is difficult to obtain sufficient to study its 
chemical constitution and properties. Funk,* by a complex fractianation 
of the phosphotungstio precipitate of anti-beri-ben substance, succeeded in 
isolating a substance, melting at 233^ C, which m amounts of 002 to 
0*04 grm cured polyneuritis in pigeons This subetanoe he considered to 
be of the nature of a pyrimidine base Hopkins, however, states that the 
additions in his growth expenments were free from ammo-acids, punne and 
pynmtdme bases. It is possible that these substances belong to a new group 
of nitrogenous compounds, which exist only m small amounts m food 
materials, but are so extremely active that mmute quantities ore sufficient to 
supply the needs of the organism 

Although these substances have been found to occur chiefly m plants, there 
is no record of any investigations concerning the part, if any, they play in 
the metabolism of the plant itself. 

During the summer of last year (1913) a number of experiments were 
made at the Royal Gardens, Sew, on a senes of plants, to test the 
manurial value of Sphagnum peat which had been incubated with a mixed 
culture of aerobic soil organisms for a fortnight at a temperature of 26* G 
It had been discovered tliat this bacterial treatment the humic add 
in the peat is converted mto soluble humates, and this bactensed 
peat, after sterilisation, forms an excellent medium for the growth and 
diatnbution of nitrogen-flxing otganisma As the experiments progressed 
It was evident that, m addition to the ordinary plant-food oonstitaents, 
there was present in the bactensed peat a subetanoe wjiich stimulated 
growth in a remarkable manner. Further expenments showed that this 
substance was soluble in water, and was effootive in very small quantities. 
Dr. Rosenheim, of King’s College, found that seedlings of J^rmuta 
malaeotdet potted up in loam, leaf-mould and aand, and treated twice with 
a water extract of only 0*18 gnn. of baotetised peat, were, after six weeks' 
growth, double the sise of similar unteeated plants, and it was noted that 
flower production and root development were promoted equally with increase 
of foliage. 

Thew results suggested that the growth-etimulating action of tte 
bactensed peat might he due to the presence of a subatanoe «r wtbeieaeae 
^milar in nature to the aooessoiy food bodies oonoemed in animal nutrition. 

* 0. Funk, * Jenra PhyiioL.' voL 4a (1811-1919). 
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’ These acoessory substanoea essential to animal nutrition are known to be 
soluble in water and alcohol, and, m order to ascertain as rapidly as posubla 
whether there are present in the baotensed peat such water* and alcohol- 
soluble substances which have a similar eflfect on plant growth, an expemnent 
was made to test the effect of an aqueous extract of the alcohol-soluble 
material of the bacterised peat on the growth and fixation of nitrogen Iqr 
Amtohaeter chrooeoccum. 

The baotensed peat was extracted with absolute alcohol in a shaking 
machine for three hours, and the extract evaporated to dryness «n vacuo 
The residue was taken up in warm distilled water, the liquid filtered, and 
the clear filtrate diluted until it oontamed the extract of 10 grm of peat per 
litre Portions consisting of 100 o c of this liquid were then transferred to 
each of 12 conical flasks, and the contents of six of the flasks boiled bnskly 
over a Bunsen burner for five minutes , 100 c c. portions of distilled water 
were placed in each of six similar flasks, to each of the 18 flasks of the 
series were added 1 grm mannite, 0 2 grm. EjEnPOi, 0 02 grm MgS 04 , and 
0*2 grm CaCOa, and each was inoculated with 1 cc. of a uniform suspension 
of Azotdbaeter chrooLoeeum. The contents of two flasks from each of the 
three senes of six were analysed at once to serve as controls, while the 
remaining four of each series were incubated for eight days at 26** 0., at 
the end of which period they were analysed by the Sjeldahl process for 
their nitrogen content The results are given m the following Table . — 


Table L 


8erio« 

ITitrogen oontent* 

Nitrogen 

fixation* 

Mean mtrogen 
fixation 



mgrm 

04] 


mgrm 

mgrm 

I, Complete food 

1 Control 

Mean, 

8 

0*4j 

0*4 mgrm 




8 Oultnre 

4 a 

4*2 



4 

4 4 


4*0 

8 8 


6 

8*6 


8*2 


6 

4 4 


4*0 


11 Complete food •f ftloohoUo 

!• Control 

2 61 

Mean. 



eitnot of beotmed pent 

2s 

2 8J 

z 5 nignn« 

M'2 


8 Ciiltare 

ao'7 



4 

20 6 


18*0 

18*0 



10*6 


17*4 


6s 

80*9 


18 4 


m. Oanwlete food boiled 
■leohoUd extmot of beote- 

1, Control 

2 81 

1 Mean, 



8s 

2*5 j 

1 2 4 mgm. 



iWlpeiib 

8. Culture 

10 6 

XT'* 


4. 

10*0 


19*6 

17-8 


6 . 

80*6 


16<S 


a* 

10 4 


17 D 









240 


Prof. W B. Bott(Hnl^ 

The more rapid grovrth of the organism in Senes II and 111 was rendered 
apparent hy the fact that a Bonm was visible on the enrlaoe of the liquid in 
each flask of these senes after 24 hoars, while the pelliola formed m 
Senes 1 only after the lapse of 72 hours. 

The results obtained indicated clearly that there is present in the 
bactensed peat a substance which stunulates plant growth, and that this 
substance is of a fairly stable nature is shown by the fact that almost as 
good results were obtained with the extract which had been boiled for five 
minutes as with the unboiled extract. 

In order to test whether the actne substance is present as such in the 
onginal peat, or whether it is produced in the bactensed peat as a result of 
treatment, on extract of the raw peat was made in precisely the same 
manner and in the same concentration as desonbed for the bactensed peat 
Two series of oultuies were prepared, the one containing complete food 
substances in distilled water, the other complete food in alcoholic extract of 
raw peat. The controls were analysed at once, while the cultures were 
incubated for eight days at 26** C as before. No increased growth was 
apparent in the cultures containing alcoholic extract of raw peat, while the 
results of analysis, as given below, indicate the absence of any stimulating 
substance — 
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The active substanoe ia evidently produced in the bactensed peat as a result 
of treatmeut, and smce this treatment consists essentially m the produotiou 
of soluble humates by bacterial action, a test was omde to ascertsin whether 
Ihe chemioal prodttotion of solnble humates wotild be equally effective. Two 
equal portions of taw peat were saturated with solntums omtcuniog 1 percent, 
of their weight of sodium carbonate, and were stirred at frequent intervals fat 
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■everal houn One portion was allowed to dry alowlj at room temperature, 
an alooholio extract taken and evaporated «tt mem ae before, the xendoe b^g 
made up in aqneous solution to a oonoentiation of 10 grm. of carbonated peat 
per litre Hie other portion was leached with water until the washmgs were 
colonrlesB, the liquid filtered, and the aqueous extract thus obtained was 
evaporated m vacuo to dryness The residne was extracted with alcohol, and 
the alcohohe solution again evaporated to drjmess tn vacuo, the residue being 
taken up with water, filtered, and the dear filtrate diluted to the proportion 
of the extract of 10 grm. of the origmal peat pei litre The effect ol both 
these extracts was tested on Azotobacter, three senes of cultures being 
incubated — one containing complete food in distilled water, the second 
complete food in alcoholic extract of carbonated peat, and the third complete 
food in alcoholic extract of water-soluble substances from carbonated peat 
Again no appreciable effect was observed on the growth of the cultures, while 
the results of the analyses as given below fiuled to reveal any stimulation of 
the organism — 
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Hie results thus far obtained tend to prove that the active stimulant of 
growth which is present in bactensed peat does not exist as such m the 
taw peat, nor can it be liberated by a chemical production of soluble humatea 
It has been obtained only as a result of bacterial action. 

Oooper and Funk* in 1911 showed that their curative substance was 
* Ooc^sr sod Funk, ' LaaMt,* p. 1S67 (1011) 
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entirely precipitated by phosphotungstio acid from an aqneona eolntion of the 
dry residue from the alcoholic extract of rice poUshings, and Hc^kina* also 
states that he obtained the best results upon growing rats with the fraotum 
from the crude phosphotungstic acid precipitate of protein>ftee milk. Conse- 
quently an expenment was made to determine how far the phoqthotungstie 
acid fraction of the baotensed peat extract was effiactiTe in stimulating plant 
growth The bacterised peat was extracted with absolute alcohol as described 
above, and the alcohol evaporated off in vamo. Thq residue was taken up in 
water, filtered, and tp the filtrate sulphunc acid was added, until the concen- 
tration of the latter reached 6 per cent A slight precipitate of humic acid 
was filtered off, and to the filtrate an excess of 30-per-oent. solution of 
phosphotungstic acid was added. The whole was then left to stand overnight, 
when the liquid was decanted off through a filter, the precipitate repeatedly 
washed with a 6-per-cent, solution of sulphunc acid, and finally decomposed 
with an excess of baryta. The hquid was filtered off from the precipitate of 
banum phosphotungstate, and the filtrate, freed from the last traces of baryta 
by means of a very dilute solution of sulphunc amd, was evaporated to 
dryness t» vacuo From 7 kgrm. of baotensed peat the amount of dry 
substance obtained from the phosphotungstio acid fraction amounted to 
12'0096 grm., and smoe this was made up for experimental purposes mto a 
solution oontaimns the fraction from 10 grm. of peat per litre, the proportion 
of the dry phosphotungstic acid fraction in the final solution employed 
consisted of 17 parts per million. This fraction was tested upon wheat- 
seedlings in conjunction with Detmer’s complete food solution. Ten seeds 
were germinated in clean sand in eaidi of nine pots, which were arranged m 
three senes of three pots each. Senes I was treated with a einnplete food 
solution. Senes II with complete food plus alcoholic extract from 10 grm. of 
peat per litre of solution, and Senes III with complete food plus phospho- 
tungstio fraction from 10 grm, of peat per litre of solution. The food solution 
employed contained nitrogen, phosphorus and potash, estimated as KHa, 
FaOs, and EsO in the proportion of 400, 200, and 1220 parts per million 
Mspeotively, so that in addition Senes III had 17 parts per million of 
diy substance obtained from the phosphotungstic fraction. Each pot was 
treated with 100 ac. of its solution one week iffter sowing the seed, and the 
tireatment repeated once wedcly for five weeks, at the end of which period 
the plants were uprooted, washed, dried, and weighed. The results were as 
follows: — 


* Hopkiai, ■ Brit, Med. Jeora V vid. 8, p. 469 (lOU)- 
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Table VT. 



Wright of 80 plants 

IncFMiso OTfT Sorias I 

I Conpleta food tolutton 

gnn. 

per Cent, 

11*04 


n „ „ „ -I- aleoholie ntnot 

14*46 

21 1 

ni. ,, „ ,, ^ phosphotungstio 

fraction 

16 46 

29 4 

1 


The leBults thus obtained indicate that the stiinulative substance in 
baotensed peat is precipitated by phosphotungstio acid, and that this 
phosphotungstic fiaction is quite as effective as the original alcoholic extract 
of the peat. Funk* found that, upon further fractionatiou of his phospho- 
tungstio acid precipitate with silver nitrate and baiyta and ehmination of 
the reagents, he obtained a relatively pure crystalline substance, to which he 
gave the name " vitamine,” and this he considered to be the specific curative 
substance. In order to determme how far the growth stimnlaut in bactensed 
peat resembled these so-called "vitamines," a further fractionation was 
earned out along the lines desenbed in his paper. The phosphotungstio 
acid precipitate was decomposed, as before described, with baryta, and the 
last traces of baryta eliminated by means of sulphuric acid To the filtrate 
from the banum salt silver nitrate was first added, and thefi baryta, until no 
further precipitate was produced. The brownish precipitate was filtered off, 
well washed, suspended in dilute sulphuric acid, and decomposed with 
sulphuretted hydrogen. The filtrate from the silver sulphide was then 
exactly neutrahsed with baryta, the clear hquid filtered off from the 
precipitate of barium sulphate, and evaporated to dryness tn vacuo The 
weight of dry substance obtained from the silver fraction from 7 kgrm. of 
baoterised peat amounted to 0'2452 grm , and, smee this also was made up 
for experiment into a solution containing the silver fraction from 10 grm of 
peat per htre, this solution contained the diy substance from the silver 
fraction in the proportion of 0 S6 part per milhon. This fraction was also 
tested, concurrently with the phosphotungstic acid fraction, upon wheat 
seedlings ; 16^ seeds were gemmated in clean sand in each of mne pots, 
which were arranged m three senes of three eacL Senes 1 was treated 
with complete food solution, containing nitrogen, phosphorus, and potash, 
estimated os NHa, PjO*, and K|0, m the proportion of 400, 200, and 1220 
parts per respectively Senes 11 was treated with a similar eolation, 

containing in addition 17 parts per milhon of the phosphotungstio fraction, 

* JPuah^ * Joura. FhytieL,* voL 46 (1012-19U). 
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and Series III with the complete food solatum +0'36 part per million of the 
silver fraction The pots were first treated one week after sowing the seed, 
and after that each pot received once weekly 160 oc. of its food solutimi for 
seven weeks At the end of that period the plants were washed, dried, and 
weighed, and, after the gross weight had been taken, the plants were all 
dried in the steam oven at 100° 0 until their weight was constant. The 
results are as follows — 

Table V 


Bene. , w*«bt, 

; 45 planU 

Increase over 
Senes I 


Increase 
OTer I ' 

t 

1 g™ 

1 Complete food ; B4 5 

II „ „ phonphotuiigstiu j ^ 8 

• fntction I 

III „ ,, 4 atlrer fraction 1 06 5 

per eent 

60 0 

40*6 

grm 

18 8480 

10 8818 

16 7148 

1 

ytar cent 

22 7 

17 7 ’ 


The silver fraction from the baotensed peat extract, corresponding with 
the “vitamine” fraction of Funk, having thus given results approaching 
those of the phosphotungstio fraction, a preliminary investigation was made 
to test Its effect on the growth of wheat seedlmgs in water cultnre Two 
sets, each consistmg of 18 sinular seedlmgs, were carefully selected, each set 
being originally of equal weight, viz , 4 73 grm Eaifii set was divided for 
purposed of water culture among three aimilar Bottles of 200 c.c capacity, 
SIX plants being mserted through notches m the corks of each bottle, so 
that the roots dipped mto the culture solution The three bottles of set I 
were filled with a nutrient solution of pure salts m physiologically pure 
distilled water, in which the proportions of NHt, PsOt and KiO were 400, 
200, and 1220 parts per million respectively; while those of set II con- 
tained a precisely similar solution which bad received, in addition, 0'39 
part per million of the silver {faction of baotensed peat extraot The 
bottles were aorated daily, and the solutions changed twice a week, while 
at the end of every 16 or 17 days the plants were takeh from the jars, 
moisture removed from their roots by means of blotting paper, and weighed. 
The results obtained are riiown in Table VI 
The change brought about by the addition of tiie silver fraotion is 
represented by the accompanying curves, in which the dotted line 
represents the change in weight of the aeriee m pure food, while the 
unbroken line shows the progressive increase in weij^t obtained the 
addition of this substance. 
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Table VL 


Benei 

Weight of set of 18 plants 

Pereentage inereeee 
on ongiM weight 

I Pure food solution 

Original weight 

478 

per cent 


After 16 days 

5 42 

14 7 


After further 17 days 

6 29 

11 8 


It II 

4 33 

-8 4 

11 Pure food volution + ulrer fraction 

Originat weight 

4 78 

a 

from baoterised peat 

Aft^ 16 days 

6 57 

17 7 

After further 17 days 

6 65 

40*6 

i 

H If II 

7 38 

64 9 


% 



Up to a certain point the two aenes of plants increased in weight to an 
almost equal extent, but beyond this point the seedlings growmg in pure 
food solution appeared to be unable to utilise the food elements supplied 
to them j a oondition which was apparently corrected by the addition of 
the silver fraction 

BxpeninontiAg with guinea*pig8 m 1909, Fdrst* demonstrated that seeds 
of barley, oats, peas and flax contained no curative substances for scurvy, 
hot that dnnng the germination of these seeds aati-soorbutio substances 
developed, which were quite as effeouve as extracts from green vegetables. 

• Fttrrt, < Zsitwda. f . Hyg. u InMtt.,' voL 78, p, 181 
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These facts indicate the possibility of the development, during geraunation, 
of special growth substances which enable the young embryo to utilise 
the food material present in the seed. If this le so, the removal of the 
souroe of these growth stimulants by the cuttmg off of the seed as soon 
as possible after germination should render the effect of an addition of 
such substances in the food solution all the more marked. In order to test 
this hypothesis, two series of wheat seedlings, similar to those used above, 
but in a rather younger stage, were taken, and before the removal of their 
seeds the two settf were of equal weight, viz 8 97 grm Their seeds were 
carefully removed, injury to the plants being avoided, and after this prooess 
the two sets weighed respectively 3*2 and 8 17 grm These were treated m 
precisely the same manner as before, the first set being given complete food 
salts, and the second food salts with the addition of the silver fraction from 
bacterised peat. The weights of the two sets at vanous dates are shown in 
the following Table — 


Table VII. 


Senes 

Weight of set of 16 plnnts 

Peroentago of inorease 
in weight 


gm. 

per oent^ 

I Complete food solution 

Onguud weiglit 6 2 

— 


After 16 days 8 87 

5 8 


After further X7 days 8 20 

0*0 


» W M 8 65 

-10 9 

It Complete food solution -f silver 

Original weight 8 17 


fnuitioD from baotenied pent 

After 16 days « 8*68 

14 5 


After further 17 days 4 29 

86 8 


» *9 » 6 *06 

69*8 


The following diagram shows the variation in weight of the seedlings 
throughout the experiment, the .dotted curve representmg the series in pure 
food, while the unbroken curve shows the effect of the addition of the silver 
fraction 

These results indicate that during the germination of wheat seeds certain 
substances are formed which enable the young embiyo to utilise the food 
materials present. The supply of these substances formed by the seed during 
germination is sufficient to establish the embryo as an independent seedling, 
then some other source is necessary. It has been shown that these accessory 
food substances are produced when peat— decayed vegetable matter— is acted 
upon by certain soil bacteria, and the natural infstenoe is that during the 
bacterial decomposition of organic matter m the scdl, tiiat is, during humus 
formation, these substances are formed, hence Uie beneficial effect on ort^ of 
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farmyard and other organic manures The apedfic action of these acoemiy 
substances is not known They may be ctmoemed m the metabolism of 



phosphorus, they may act as catalytic agents, or may be a definite constituent 
of plant food — a “ bau-stein ” 

Experiments to test these various hypotheses are m progress. 

In conclusion I wish to acknowledge my indebtedness to’ Miss, F. A. 
Mockeridge, B.So , for her valuable help in the chemical part of|this investi- 
gation 
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Further Observations on the Changes in the BreeOhing and the 
Blood at Various High AhUudes. 

By Mabsl Pubkfot FitzOkbau) 

(Commumoated by J S Haldane, F B S Becetred Jane 2, — Bead Jane 25, 1914 ) 


In a previous investigation earned out in connection with the Anglo* 
American Pike’s Peak Expedition (1911), the changes in the breathing and 
the blood at high altitudes were recorded at atmospheno pressures ranging 
from 625 to 458 mm of mercury Lack of time prevented farther 
observations being made, and in the graphic representation of the gases of 
the alveolar air and of the percentage of hsemoglobin in the blood 
subsequently published,* the supposed values for atmospheno pressures 
ranging from 625 to 760 mm of mercury were indicated by a broken Ime 

To complete the records, experiments were made by me m North Carolmd, 
USA., during the months of July, August, and September of 1913. Three 
localities were chosen in the Southern Appalachian cham, approximately 
between 35* and 36* 6' N latitude, and 82* 5' and 83* 25' W longitude 
Highlands (altitude 8850 feet), the highest village east of the Bocky 
Mountains, situated m the Blue Bidge Mountams, Waynesville (altitude 
2645 feet) in the Balsam Mountains, and Asheville (altitude 2210 feet) 
situated in the valley of the French Broad Biver, with the Blue Bidge 
Mountains lying to tlie south and east, and the foot-hills of the Unaka 
Mountains to the west and nortL 

Experiments were made with 43 residents Care was ogam taken to 
exclude the unhealthy, and those who, on account of recent change of 
abode, might be unaoolimatised Observations r^ere also made on myself 
at each locality visited 

The research is based upon 206 COt determinations and 62 htempglobm 
percentage determinationa The subjects ‘were adult men and women, of 
from 18 to 70 years of age The number of subjects corresponding to 
each decade, or part thereof, were as follows ' — 


Ago. Number 

Between 16 and 19 years .. . 8 

„ 20 ,, 29 ,, . . 16 

„ 80 „ 39 „ ... 14 

40 ., 49 „ 1 

H 60 „ 69 „ . * 2 

„ 60 „ 69 n . . 4 


* * PhiL Trane.,’ B, voL 20S, pp. 861-871. 
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In the majority of oasee^ the Bubjeote were natives of the respective 
localities With the exception of two subject^ one of whom had been 
at sea-level three weeks pnor to the experiment, and the other, one month 
before, at an altitude of about 1000 feet, no subject had left the place 
at which he or she was living for a considerable time 
The methods of determining the alveolar 00$ percentage, and of calculating 
the alveolar COa and Oa pressures, were the same as m the previous investiga- 
tion 

A carefully standardised Gowors-Haldane hremoglobinometer was used for 
determining the hiemoglobm percentage, and pure CO was used for 
saturating the blood solution At Ashevillo and New York the readings 
for the barometric pressure were obtained from the local olhces of the 
United States Weather Bureau , at Highlands nud Waynesville readings 
were taken from an aneroid barotneler comtiensatod for temperature and 
checked by compaiison with the leadings of the Weather Bureau 

The altitude records were taken fiom the bench marks of the United 
States Geological Survey, with the exception of that for Highlands, m 
which case the elevation recorded (3850 feet) is for the Highlands Camp 
Sanatorium, where the experiments were made, and not foi the village 
proper 

The mean values for the hcemoglobin percentage, the alveolar COa percentage 
and pressure, and the calculated alveolar oxygen values for men, at altitudes 
varying from 658 to 711 mm of mercury are given in Table I, and similar 
values for women in Table II Normal mean values for near soa-level 
(Oxford) are included foi compaiison in each table 

The results obtained in the present and the former investigation are 
indicated graphically in Charts I and II 
It will be seen that taken m conjunction with the barometric pressure the 
values for the alveolar CO3 and Oa pressures decrease progressively with the 
increase of altitude Since the COa values, with the exception of those for 
Waynesville, correspond closely with the supposed values indicated by the 
graph m the preceding paper* additional support is given to the statement 
then made, that the lowering of the COa pressure is in direct proportion to 
the diminution of the barometric pressure and amounts to about 4 2 mm or 
105 per cent of the sea-level value for each 100 mm of diminution of 
harometno pressure. There is a corresponding progressive fall m the 
oxygen pressure of about 16 mm., or 16 per cent, of the sea-level value for 
each 100 mm, foil in the baromdtno pressure 
In each of the two eharts a curve is also plotted, as m the former paper, 

* Und,, Chart I 



































Table II — Mean Besults Obtained for Women 
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showing the values for the barometric pressure when the mean temperature 
of the air column between sea>Ievel and the heights mdioated is assumed to 
bel6°C 

For the calculated values and graphic representation of the percentage 



Chan 1 

composition of the alveolar gases at atmospheno pressures rangmg from 
760 to 250 mm, of mercury the reader is referred to the earher paper* 

The idea was put forward m that paperf that at atmospheno pressures 
greater than 625 mm of mercury the strai^t Ime representing the COa 
tension might perhaps be replaced by a curve, and that this would flatten as 


* IbUL, pp. 358-300. 
t Md., p 300 
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a prewure of 760 mm. of mercury was approached, and continue as a straight 
line parallel to the abscissse with increased pressure If such alteration 
occurs, It IB evident that it can only be at pressuTes higher than 760 mm* of 
mercury. From the earlier experiments of Haldane and Pnestley * Hill and 



Greenwood, t SiUd Haldane and Boycott^ we know that on short exposure to 
increased pressure the alveolar COj remained at normal value, even up to 

* * Journ. Fbynol ,* voL SS, p. flSS (1905X 
t *Boy. Soc. Proc.,* voL 70, p. 4A5 (1906). 

} * Jcnrn. Physiol.,* vol, 37, Noa 5-e, p 35S (1906), 

TQL. LXXXT1U.--B. 
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seven atmospheres in the case of Greenwood. With long ezposaros, however, 
the result may well be different 

The percentage of hsemoglobin in the blood in men increased progressively 
with the fall in barometric pressure. The mean percentage values correspond 
closely with the supposed values at similar pcesBures indicated in Chart 111 
of the previous paper* and support the statement there madef that “ for every 
100 mm fall of atmospheric pressure, there is an aven^ nse of about 10 per 
cent in the hemoglobin." Similat, but less regular, increase occurred in the 
percentage of hemoglobm in the blood of women An unusually low value 
(91’8 per cent) was recorded at Highlands Insufficient data together with 
varying physiological condition may account for the iiTeguIanty in the 
records for women 

At each locality greater uniformity in the individual determmations nas 
met with than in tiie previous investigation at the higher altitudes At 
Waynesville and Asheville, m four of the five men subjects aged between 
62 and 64 years, the heemoglobm ^lercentage was less than 100, which 
possibly indicates that the conipensatoiy increase of hsemoglobin in the blood 
wanes with age at the less high altitudes 

With regard to the influence of age on the fell in the alveolar COj pressure, 
the tendency previously noticed} for the fell to be less in those under 30 than 
at later age periods was again observed. Only one subject complamed of the 
ill-effects of living at high altitudes (3850 feet) A marked difference was 
observed in the degree of " nervousness " m the subjects, this being much less 
than in residents at altitudes of 5000 feet and over. 

Observations were made upon myself at each locality (see Table III), 
24 hours were allowed to elapse before the alveolar CO» determinations were 
made My mean normal alveolar OOt pressure at Oxford and at New York is 
34 mm of mercury (barometric pressures respectively 753 and 750 mm. of 
mercury) The journey of about 33 hours to Highlands (altitude 3850 feet) 
was made direct from New York, where the previous rune months had been 
spent At Highlands, a stay of over eight weeks was made. Hunng the last 
two and a half weeks I slept at a pomt about 400 feet higher thau the 
sanatorium, where work was conducted during the day, and through the 
eighth week was more or less stationary at the higher altitude (4250 feet). 
Contrary to the former experience at altitades of 5000 feet and higher, the 
alveolar CO* pressure did not fell, but remained, with riij^t variations, at the 
normal value for sea-level (34 mm. of mercury;. In oonae<inenoe,tbe alveolar 

• Ibid, TP MS. 
t Ibid,, p. Ml. 
t AMi,p.M». 
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* See FitiGenld and Haldane, ' Jonrn Pliysiol / toI 32, p i86 (1905) 
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oxygen pressure was lower than it otherwise would have been In general I 
was not oonscious of being at a higher altitude than usual, but signs of being 
at a physiological disadvantage, due to the low alveolar oxygen pressure, were 
manifested by the constant feeling of greet fatigue and, ezoept during the 
stay at 4250 feet, when work was m part lessened, by poor and unrefreshing 
sleep * 

From Highlands the journey was made via Lake Tozaway (seven hours’ 
drive and thence by rail) to WaynesviUe (rititude 2645 feet), one night 
being spent on the way at Asheville (altitude 2210 feet). Four days were 
spent at WaynesviUe (2645 feet) Stormy weather prevailed The mean 
alveolar COj pressure was found to be 34 6 mm of mercury with a barometric 
pressure of 689 mm of mercury (corrected barometric pressure 694 mm 
COs pressure 34 9 mm. of mercury) At Asheville (altitude 2210 feet), where 
a week was spent after leaving WaynesviUe, the mean COi preesuie in the 
alveolar air was found also to be within the variation of normal sea-level 
values, t.e 344 mm. of mercury (barometric pressure 708 mm of mercury) 

The return to sea-level (New Yoik) was made direct from AsheviUe, a 
journey of 22 hours and involving a change of altitude of shghtly over two 
thousand feet. Fourteen hours after arrival, the alveolar CO* pressure was 
found to be 33 1 (barometric pressure 766 mm of merouryX a slightly lower 
value than usual. On the third day at sea-level the CO> pressure was 
34*0 mm of mercuiy. The values obtained during the subsequent three 
weeks vaned from 33 2 mm, of mercuiy to 35 6 mm of merouiy, the normal 
mean value obtained for New York being 34*1 mnt (mean barometno 
pressure 759 mm. of mercury) 

Thus at altitudes ranging from 4000 feet to 2000 feet, and at barometno 
pressures ranging from 663 to 708 mm. of mercury, there appears to be no 
respiratory reaction m M. P. F. G. Entirely diffisrent behaviour of tiie 
respiratory centre was therefore met with below 4000 and above 5000 feet, 
for in the latter experience (5000-14,000 feet),f although tiie response of die 
respiratory centre to want of oxygen was slow, it was nevertheless apparent. 
From the present series of expenments, and in spite of a stay of eight weeks 
at 3850 feet, the alveolar COi pressure remamed at sea-level value (84 mm.' 
of mercury) at barometric pressures rangmg from 759 to 663 mm. of mercury 

The sea-level value of 34 mm. of mercuiy falls witbm the lower limits of 

* In spite of this, however, there wu a gmeral impraveaieat m condition as evidenosd 
by inerease m bodily weight. Excellent food was provided at tibe aasatwinia, and the 
daily eonsomption of food was greater than usnaL It most be borne in luind that 
fatigue was eseily produoed since 1 had been weakened during die ptevioua' winter by a 
chronic Staphylooooona inftotiou. 

f /M., p 8^. 
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alveolar COj preaaare observed for normal women. Whethei the ftot of my 
GOa pressure remaming at the normal value m spite the barometric pressure 
varying from 769 to 663 mm of mercury is an idioqmcrasy, or an indication 
that with persons in whom the alveolar GO^ pressure is natuially low a 
marked decrease of barometric pressure (te more than 100 mm of merouiy) 
18 required to produce a lowering of the threshold value of the COa pressure, 
can only be determmed by further experiments. 

In contrast to the absence of change in the alveolar GOa, the hiemoglobin 
in M P F. G- rose, as before,* with decreased barometnc pressure and fell as 
sea-level pressure was approached From an imtial value of 89 per cent at 
New York, the hsemoglobin had after three days at Highlands (altitude 3850 
feet, barometric pressure 668 mm of mercury) risen to 96 per cent It 
oscillated during the following four weeks between 91 and 93 per cent and 
was 98 per cent during the eighth week, after a fortnight had been spent at 
an altitude of 4200 feet. At Waynesville (altitude 2645 feet) it fell to 93 
per cent , and was again 96 per cent at Asheville (altitude 2210 feet and 
barometnc pressure 708 mm. of mercury) Three days after the return to 
New York a lower value than usual was recorded, 87 per cent The htemo- 
globin reached 92 per cent a few days later, and then fell to the normal value 
of 89 per cent 


Conelimona. 

1 In persons acclimatised at altitudes up to 3850 feet, the partial pressme 
of COa in the sir of the lung alveoli is invariably lower than at sea-level, so 
that the lung ventilation is correspondingly increased The results of the 
present investigation are in accord with those obtained with persons acclima- 
tised at altitudes of 5000 to 14,000 feet, and support the conclusiou previously 
published that “the lowering of the COa pressure is indirect proportion to the 
diminution of the barometnc pressure, and amounts to about 4 2 mm or 10 5 
per cent of the sea-level value for each 100 mm of diminution of barometric 
pressure ” 

2 It is again found that in women, as at sea-level, the alveolar COa pressure 
is about 8 mm lower than in men 

3 As at higher altitudes, in persons fusclimatued at altitudes up to 3850 
feet, the percentage of hiemoglobm in the blood is mcreased. The present 
observations support the view previously published that “ for every 100 mm 
fall of atmospheric pressure the percentage of htemoglobm in the blood is 
inoi'eased by about 10 per cent of the normal value for men at sea-level ” 


* Ibid,, p 369 
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In women, as ab sea-level, bfae valneg are abont 11 per oenfc lower than for 
men, but greater irregulantj is observed. 

Graphic representations and tables of the results are given To render 
possible a complete survey of the alveolar gas pressures and the bssmoj^obin 
percentages recorded for acclimatised persons at varying atmosphencpressares 
and heights above sea-level, the values previously published* are included m 
the graphs 

• 

In conclusion, I wish to express my cordial appreciation of the kind help 
and hospitality received durmg the investigation. My thanks are specially 
due to Di. Mary Lapham, of Highlands, Dr Stokes and Mr J Tull, of 
Waynesville, and to Dr George Purefoy and Messrs. Taylor and Johnstone 
(U S Weather Bureau), of Asheville 

My sincere thanks are also due to Dr. J S Haldane for his advice and for 
the loan of standardised uistruments, and to Prof Yandell Henderson, of 
Tale University, for the further loan of apparatus. 


Constancy of the Optimum Temperature of an Enzyme under 
Varying Concentrations qf Substrate and qf Enzyme. 

By ARTHtrn Comfiok, Imperial Cancer Besearch Fund 

(Communicated by Sir J B. Bradford, K.C.M G , Sec. B.S. Beceived 
June 10, — Bead June 1914 ) 

In a recent paperf a new enzymic relation is recorded. For the eniyime 
hydrolysis of sahoin — by the enzyme whtoli Gabriel Bertrand andthe author^ 
have named softanose— it is found that, in an action of fixed doiation,§ the 
temperature of greatest activity of the ferment is always the same, whatever 
the dilutions of substrate and of enzyme adopted for the determination In 
other words, the duration of the action being constant, the optimum tem- 
perature of the ferment is independent of the concentration both of the 
substrate and of the enzyme The observation is suggestive : if true of one 
enzyme it may be true of all, and possibly becomes the enunciation of a 
general law. Herein, for the moment, lies ite main interest 

* > RiiL Trsaa,' B, vol S08, pp 861-871 
t Arthur Compton, ‘ Boy. Soo. Proo.,* B, vol. 87, p, 846 (1814). 

I Gabncl Bertrand and A, Compton, 'Comptee Bendue,’ 167, p. 797 (1918). 

§ For tile vanatwn of the optimum temperature of an euyme with the dnrotioo 
of the enzyme aotum, see Gabriel Bertrand and A Compton, ‘Comptee Bendas,’ 
voL 168, p. 1618 (1811) ; ‘Ann. Inst fast,’ voL 86, p. 161 (1918). 
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In the present paper further experimental evidenee for tins hypothesis u 
given, in the case of another hydrolytic ensyme, the maltaae of Aiperg%lH» 
oryxas (taka-diastase) 

For the extract of AapergUlua oryxee used, the Imperial Cancel Besearch 
Fund 18 indebted to Messrs. Parke, Bavis and Co, who placed at my 
disposal one of their most active preparations This preparation, after bemg 
heed from insoluble constituents and purified by a technique to be detailed 
elsewhere, consists of a white powder, entirely soluble in water, whose 
activity in maltose is double tliat of the original prefiaration 

The maltose used was Kahlbaum’s *It was purified by successive 
recrystallisations from water, the mother liquor impunties being removed 
after each recrystalhsation by pressing the crystals in an hydraulic press 
between several layers of clean dry linen Eventually, after powdering in a 
mortar and drying for about a week in laeuo over sulphuric acid, a specimeii 
of pure maltose, containing one molecule of water of oryatallisation, was 
obtained It gave an optical activity +1304°, and ite reducing 

powei, determined by Bertrand’s method,* was as set out m Table I 


Table I 


Weight of maltose 

Weight of copper 

mgnii 

xngnn 

SO 0 

21 0 

40-0 

42 0 

00 0 

02-0 

80 0 

83*0 

100-0 

108 5 


These numbers, allowing for the molecule of water of cr3r8talliBation present, 
oonrespond exactly with those given by Bertrand {ilnd.) 

That the optimum temperature of the ferment is independent of the 
concentration of the substrate is shown by the following experiments * — Four 
, series of eight clean Jena glass test«tabes were propated containing respec* 
tively 860, ISO, 90, and 60 mgrm of maltose dissolved in 4 cm * of watei 
which had been specially purified by redistillatdon under diminished pressure 
Then into each tube was introduced in portions of 1 cm ’ a solution of tho 
ensyme, proved a half to one hour previously, contauung 10 mgrm 
per cm Tho substrate concentrations in the fonr senes of tubes are M/5, 
M/lO, M/20, and M/30 The tubes, after being closed with clean sterile 
corks, were plunged into water^baths kept at known temperatures After ^ 

* • Bull Soe. Cbim <3X voL 80, p. 1S80 (1906X 



260 Mr. A. OomptoA. Optivmm Tm/peraim^ of on 

16 hours’ incubation tiie tubes were withdrawn, the corks removed, and 
each rapidly washed with 1 cm ’ of water, the washings being carefully 
added to the contents of the corresponding tube The tubes were next 
heated for five minutes in boiling water to stop the eni^e action, they 
were then cooled, and the contents of each diluted to a known volume, such 
that 20 cm* of the diluted mixture corresponds to 36 mgrm of maltose 
The proportion of maltose hydrolysed was estimated by the increase of 
reducing power as determined by the method of Bertrand (tftuf) The 
numbers obtained are recorded in Table IT 

If the percentage of maltose hydrolysed be plotted against the mean tem- 
perature of the experiment these numbers give the senes of curves 
represented by fig 1 

Each curve shows a maximum at or about the same point, -1-47° Hence, 
under the conditions of the experiment, the optimum temperature of the 
ferment is constant, and independent of the variations in the concentration 
of the substrate. 

That the optimum temperature is also independent of the concentration of 
the enzyme is shown by the following experiments — Four solutums of the 
enzyme were prepared containing 10, 30, 60 and 100 mgrm dissolved in 10 cm'' 



Fie 1 -—Substrate concentrations M/6 to M/80 Enzyme oonoentittion 
8xl0~*grm per cm* 

Fio. 8 -—Substrate oonooatratiOB M/SO Eniyme conoentrations 8 x 10*^ to 
80x10'* grm per cm* 
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Table II 


1 

Tempentuves at the 
beginning and end of each 

1 experiment 

Ualtoie bydi 

M/6 

nol^eed per cent 
concent 

M/10 

with the following substrate 
rations 

M /80 j M /30 

17 0 

1 9 

1 

i 

24 0 

17 2-17 0 


6 0 



2fii) 

1 — 

14 2 



25 8 26 6 

8 6 

— 

— 1 

1 46 0 

27 -0 

1 ^ 


82 8 

1 

34 8 ^ 4 

1 

81 2 



84 5 

18 3 




1 06 2 

86 0^ 1 



60 0 


41*0 

— 

— 1 

1 70 0 


42 4 

28 2 



1 78 6 

42 6-42 4 


46 0 



47*0 

37 6 

66 *6 

60 8 

87 a 

49 6 - 48*0 < 


62 6 



49 6 - 60*0 I 

84 8 



83 8 

60*0 

^ 1 


73 4 


61 6-^2 0 


— 

61 *9 


62 2 1 

31 2 

* 

' ^ 

eo 8 

62 2-62 4 ! 


86 1 1 

1 


63 8-63 2 1 


1 

46 4 


64 6-66 2 


19 7 1 

1 


66 6 - 66*4 1 

1 22 6 

— 1 

1 — 

40 8 


_ 


_ 



Table III 


Maltose hjdrolysed per cent with the following eusyme 
Temperatures at the oonoentratioiis in grammes per cm ^ 

beginning o&d end of each _ 


experiment 

8 X 10 -‘ 

e*io-< 

18 * 10 -< 

80 K 10-< 1 

17 8-17 6 

■ 

4 6 

7 2 

1 

17 0 

8 8 



, 

87 -0 

— 

— 

— 

88 8 

87 8-87 6 

7 2 

12 6 

25 4 


84 a 


22 5 

88 8 


84 6-84 4 

11 4 




86 * 0-86 *1 



— 

60 0 

41*0 




70 0 

42 4-42 6 1 

16 9 

86 9 

67 1 


47 « I 

21 1 

40*6 

aa 6 

60 a 

40 * 8 - 48*9 


80 1 

64 1 


49 * 7 - 60*0 

10*9 




60 0 



— ! 

73 4 

61 * 6 - 62*0 




61*0 

62 1-62 2 


24 0 



62 * 8-62 4 

12 6 




58 8 - 68*2 




40 4 

66 * 2 - 66*0 

4 5 




66*2 

1 


6 ^ 

16 9 
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of water, which, after etaiuiing from a half to one hour, were introdoced in 
portions of 1 om.^ into four series of test-tubes containing 90 mgrm of maltose 
dissolved m 4 cm.* of water. The concentration of the substrate in this 
experiment is M/20, while the enzyme concentration vanes between 2 x 10~* 
and 20 x 10~* grm per cm ® After 16 hours’ incubation, the action was 
stopped, and the quantity of maltose hydrolysed in each tube was determined 
as before The numbers obtained ate set out in Table III 
On plotting the percentage of maltose hydrolysedoagamst the mean tem- 
perature of the experiment the curves of fig 2 are obtained 

Here, again, each curve shows a maximum in the same region of temperature, 
•f 47° Consequently, the optimum tempeiatme of the enzyme is independent 
of the enzyme concentration. 

Thus it is found, foi the maltast of Aispergdlm oryxce — as for the gaJunnnse 
of sweet almonds — that the optimum temperature of the ferment is indepen- 
dent alike of the concentration of the substrate and of the concentration of 
the eAzyme 


A Theory of the Actton of Jiay a on Gromny Celia 
By J Joly, SoD., I’.KS. 

(Boceived May 28, — ^fiead June 26, 1914 ) 

The recent accessions to our knowledge of the nature of <y- and X-rays 
bring the treatment, by these rays, of malignant and morbid growths, into 
continuity with tlie treatment of lupus, etc, by the Jinseu light or by other 
actinic radiation 

The pathological effects of the shorter and more penetrating waves have 
been described by experienced observers as stimulative of the morbid growth 
when the administered radiation is feeble m intensity and as inhibitive of 
growth when the radiation is sufficiently intense Here there is plainly an 
effect produced by the short waves upon the growing cell, and the question 
arises if from this and allied observations we cannot gam some insight into 
the nature of the activity which oharaotenses the malignant and morbid cell. 

The well asoertamed facts of photo-electricity show that, m aU oases, the 
phenomena of direct light effects classed under that head are asonbable to the 
expulsion of electrons as a lesult of the vibratory energy communicated from 
the ether The loss of electrons is attended by ionisation of tiie atomic or 
molecular systems from which they are derived, the abstraction of the 
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negative charge leaving the pbsitively eleotnfied ion behind it Thu u the 
sufficient explanation of many phenomena collected under the name of photo- 
electncity. It has been ascertained that the velocity of the electron at the 
moment of its expulsion is the greater the shorter the wave>longth of the 
radiation concerned The swift-moving /d-rays represent the electronic dis- 
chaiige excited by 7 - and X-radiationa 

Some years ago I endeavoured to explain the nature of the events taking 
place in the photographic film in terms of photo-electric activity The theory 
has recently been republished and amplified by Mr H Stanly Allen in his 
book on photo-electricity 

Accordmg to my view the latent image is formed of molecular systems 
which have been subjected to loss of electrons and which remain as ions 
positively charged m presence of these electrons, the nature of the medium 
being responsible for the maintenance of the static attiaction between 
electron and ion In development these ions and electrons are discharged, 
and as a consequence of tlie chemical reaction thereby effected lietween the 
developer and the ionised pliuto-system tlie metallic atom is liberated, 
constituting the visible image The phenomenon of l^e reversal of the latent 
image under excessive hght stimulus is well known On the theory this 
significant event is explained as the result of the increasing electrostatic 
stress attending over-exposure, whereby ultimately the resistance to lecom- 
buiation breaks down and the original molecular structure is restored The 
luminous stimulant will now begin to re-form the latent image A sucoessioii 
of such constructive and destiuctive effbots is obviously possible according to 
the theory, and is, in fact, matter of observation. The theory can be shown 
to explain the facts resjiecting the different types of reversal as ascertamed 
by R. W Wood. Classifying the modes of formation of the latent imi^ as 
(1) by pressure, (2) by X-rajs, (3) bj light-shock (very brief flashes, as by 
light from an electric spark), (4) by lamp light, Wood found that the latent 
impression produced by any one of these can be reversed by subsequent 
exposure to any other following it on the list but not by any one preceding 
It. He found tliat Becqueiel rays (y-rays) behaved like X-rays For the 
manner in which Mr Allen applies the photo-electric theory to these obeei- 
vatioDB I refer to his book 

My object m refemug to the photo-eleotno theory of photographic actions 
is to show that on the assumption that growth m the cell, generally, is 
attended and conditioned by ionic activity, tJiere is sufficient resemblance 
between the eflbots of stimuli on the plate and on the cell to lead to the 
belief that there must be, physically, much m common between the actions 
in each oaae. Friim fam the formation of the normal latent image by 
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moderate light stimali is parallel with the stimnlation of growth feeble X* 
or 7-radiation The photographic reversid bj greatly increamd iHamioatioii 
compares with the luhibition of growth by the heavy doses of 7>radiatioii now 
employed m the treatment of cancer. 

The analogy when further pursued must take account of intrinsic difiermices 
prevailing in the two oases In the living cell there are oontmnous molecular 
movements and chemical interchanges accompanied by and attending the 
ionisation The static conditions reached in the latent image can only prevail 
for a bnef period which terminates when the ions and electrons find fresh 
combinations Tlie image-forming and reversmg activitieB of the plate 
become lespeotively represented in the cell by the following er'ents* — 
(a) Increased liberation of electrons 0*rays) and attendant formation of ions 
under the 7- or X-ray& This increases the metabohsm, and, in the case of 
morbid growths, promotes the evil it is mtended to cure (h) With increasing 
radiation sudden and excessive electrostatic stress (or over-ioiiisatiou) bimgs 
about immediate reversion to the original molecular state so that molecnlai 
changes and reactions are stopped and metabolism ceases The maintenance 
of this condition may lead to complete modification of the cell and ultimately 
to its absorption by the more stable normal cells which are not so readily 
influenced by the radiation An alternative view, lees m line with the photo- 
graphic analogy, is to suppose that, with increased density of electronic 
radiation emanating from all parts of the tissues, an ion freshly formed in the 
metabolic substance of the cell is almost instantly neutralised by a / 9 -ray. so 
tliat the time required for the molecular movements attendmg metabolism is 
not given and growth ceases 

In another particular we find the cell behaving in a similar manner to the 
photo-sensitive plate Physicians ascnbe the origin of malignant growth in 
certain cases to continued local irritation. Here we have a parallel with the 
photographic plate , for the latent image, t^e the ionisation and electronisation 
of the film, may be obtained by vanous mechanical stamuU, such as pressure, 
friction, etc. The inhibition of the growth so produced m the tissues by 
7-rayB compares with the reversal of the pressure or friction marks of the 
film by light shock 

The selective action exhibited by the morbid cell towards the radiation, so 
that these cells are soonest afiEisoted by the rays, is sigmficant. The thera- 
peutic value of the rays depends on this action To what may it be due ? 

Let 08 suppose the morbid cell oharaotensed by less stable moleoular 
8 } stems than occur in the normal oell. In other words that the conditions 
obtaining in it are abnormally favourable to ionisation like a highly “ sipened " 
photo-sensitive emulsion A feeble radiation will accelerate the activity of 
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the morbid cell and yet scarcely affect the normal cell, the latter corre< 
sponding to a “ slow ” photo* sensitive film Increased radution which only 
attains the point of accelerating interchange m the normal cell may be 
attended by a suificiently dense j8>radiation to inhibit the metabolism in the 
morbid cell in the manner already suggested. In other words — to revert to 
the analogy with the pboto-sensitive salt — the amount of lomc and electronic 
stimulus which builds the latent image in the “ fast " film is insoifioient to 
affect the “ slow ” film and as the stimulus is increased the latent image of the 
first suffers reversal at a point which builds up the latent image in the 
second. This appears to be just wiiat is observed in the case of radiation 
treatment, the success of the method depending upon a lag in the eflects 
ansmg in the normal tissues, as compared with those ansing iii the morbid 
tissues 

It may also be urged for the present view that if the effects of 7 'rayB on 
the growth of the cell are not of a photo-electric character, and so productive 
of ionisation, we must recognise in them some quite new reaction between 
matter and light This seems a needless course when there does not appear 
to be any a pi-wn objection to urge against the unification of our views 
respecting the photo-stimiilation of the sensitive salt and the effects of 7 -rayB 
on the molecular systems existmg in the cell 

Assuming a real basis for the approximation of the two processes, the 
question as to how the peculiar constitution of the morbid cell may anse 
deserves more careful consideration than I am competent to give to it Upon 
the photographic analogy we might reason thus —If, in the life of the cell, 
ions are naturally always being formed, the absence of a " reetrainer ’’ might 
lead to morbid ionisation, or, ogam, the presence of a “sensitiser” — the 
former to limit the ionising activity either phyncally by its inert properties, 
or chemically , the latter to accelerate it by removing the products of reaction 
as fast as they are formed. Dr. Lasarus-Barlow, however, has found notable 
and excessive quantities of radium m certain tumours. If this was general 
to all spontaneously ansing cancers we might find here a sufficient cause of 
excessive ionisation. In this connection it is perhaps significant that the 
study of the distribution of cancer has been found to follow in a notable way 
the nature of the soil constituents of tiie district Thus it is stated that 
oases of cancer are more frequent in olay-oovered areas than m calcareous 
r^ons. Now calcareous rocks are almost without radioactive constituents, 
whether of the uranium-radittm series or of the thonum senes. The amounts 
of emanation oontmually being exhaled from snoh sods must be very different. 
It would be interesting to directly examme the several distnots f6r soil- 
emanation. 
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Again, the well-known prevalence of cancer among chimney eweepa may be 
asBooiated with the fact that charcoal and other forms of carbon, which most 
enter largely into the composition of soot, absorb radium emanation readily 
from the atmosphere It is improbable that sweep-cancer is ascribable to 
skin imtation only, seeing that many other occupations [eg stone working, 
cement making) are exposed to even greater neks from that source. 

On the theory that the cancer cell is the seat ot excessive ionisation, we 
may ask it it is possible to control its activity *1116 latent image, although 
not possessed of the progiesstve Duxional characters of the cell, is, potentially, 
such an active configuration. It may be destroyed (a) By such a light 
stimulus as will bring about re\er 8 al The radioactive treatment of cancer 
18 — on tlie present theory — an application of this fact. (&) By development, 
« c by such a chemical treatment as serves to discharge the ionised systems 
The findmg of a reagent which would act similaily on the morbid cell is, 
perhaps, not impossible. It would have to act selectively towards the less 
stable cell and must itself be ionised or become so in process of application 
It would discharge the function of diverting the ionising activity to the 
formation of inert and harmless products 

In a sense we may r^rd development as contmually progressmg m the 
organic system, much if a light-sensitive salt were maintaiued submerged in 
a developer while exposed to hght. From this pomt of view it might be 
better to seek the intervention of a “restrainer” which would either retard 
molecular motions of diffusion, etc , in a mechanical way, is by viscosity — as 
many restrauiers aie believed to do — or by chemically altermg the nature of 
such conditions as result in growth and metabolism If such remedies could 
be applied through the circulatory system, so as to reach metastasee, depressing 
and lowering the abnormal ionic activity or directing its results into harmless 
channels, curative treatment might be attamable. 

The theory here suggested for the processes going on m a cancer cell is a 
physical one, or, it may be said, takes account of the physical aspect primarily, 
and would involve the probability of successful treatment by experiments 
directed along physical and chemical lines But it is not suggested that the 
origm of, or predisposition towards, abnormal ionic activity may not be 
founded m biologic causes Nor does it enter into, or tske aooount of, the 
probably extremely complex nature of the events progressing within the cell 
as leading to, or resulting from, the physical actions referred to in the tiieocy. 
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The Influence of Timbre and Loudness on ihe Localisation of 

Sounds. 

By CiiAELKS S Myebs 

(Gommunioated by Prof. C S Sherrington, F.R S Beceired June 3, — ^Reid 

June 25, 1914) 

1 hUrmlvctory 

In analysing the factors determining our localisation of sounds, it mil be 
found convenient to distiuguisli “ laterality ” from " incidence ” By the 
laterality of a sound I mean its apjiarent [losition in relation to the median 
vertical front-to-back, or “sagittal," plane; thus, a sound may give the 
impression of rightwaid or leftward laterahty. or it may appear to have zero 
laterality— that is to say, its position may seem to be in the median plane 
By the incidence of a sound I means its apparent position in relation to the 
horizontal “interaural” or “coronal” hne, thus, a sound may give the 
impiession of more or less upward, downward, forward, or backward 
incidence, or it may appear to be directly sideward, neither above nor belon, 
neither in front of nor behind, the interaural hne — when the incidence is of 
zero value 

I consider it important to distinguish at the outset these two elements iii 
localisation, since they are dependent on very different factors In noimal 
subjects, that is to say, in peraons who have nomal binaural hearing, the 
one certain and obvious deteniiinant of laterahty consists m binaural 
differences of intensity. A sound is localised on the side of that ear which 
receives the stronger stimulus , it is localised in the middle line, midway 
between the two ears, when they are equally stimulated by the sound * 

But such binaural differences of intensify must clearly fail as a basis of our 
determination of incidence Whether a median sound lies immediately in 
front of or behind us, or whether it is placed immediately above or below our 

* Another determinant of laterality, binaural diflbrenoes of wave idiaae,was euggeeted 
la 1907 by Lord Bayleigh (‘Phil. Slag ,’ voL 18, pp S14«-881, 316-810) , but, takmg mtu 
consideration the physiological fact that, owing to the bone conduction of sound across 
the skull, it IS impossible to stimulate one ear without stimulating tho other, I have 
Indicated, m collaboration wifhi H A Wilson [*Boy. Soo.'Proe.,' A, voL 80, pp 800-866 , 
*Bnt Jonrn. PsychoL,' voL 8, pp. a68-88& (1906)], bow the effects td bmaursl phaae 
differences are ultimately explicable in terma of the diflbrenees in bmanntl intensity to 
which they may be supposed to give rise l^ord Bayleigh hes emoe [‘Boy Soc. Proc.,' A, 
vol 88, pp. 61-64 (1909)], allowed tibat “lor the moment Uiechoioe between the competing 
views [as to the manner in which phase differences at the two oari produce th^ effect] u 
Ukely to depend upon preconceptions as to the manner in wbioh the serves act ” 
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bead, it most stimulate the two ears with the same mtensitjr. It u just 
under these conditions that our localisation becomes erratio. As is well 
known, a sound coming from in front is apt to be localised behind, and 
wx verad So, too, in regard to sounds placed before and behind the ear : a 
sound produced midway between the front and Uie side of one ear is often 
localised midway between the back and the side of that ear, and so on 

It has been found that, although extremely erratic, our determination of 
the incidence of a sound is capable of enormous, improvement by practice, 
and, seeing that our accuracy is greater with sounds richest in overtones,* 

It has been supposed that our awareness of incidence is dependent on the 
variations of timbre which occur with variations in the angle at which 
the sound waves impinge on the auricle 

Now, tf it be true that variations in timbre are responsible fur our 
determination of the incidence of a sound, it should be possible to put this 
assumption directly to the test by experimentally varying the timbre of a , 
given sound while its position is kept constant, and by observing what 
changes, if any, in its apparent position are produced thereby Such has 
been the mam purpose of the experiments described in this paper, 
and, as will be seen, they afford a striking proof of the correctness of the 
assumption 

Two other possible factors affecting sound localisation have yet to be 
mentioned. It has long been recognised that sounds cot&ing from m front of 
the subject’s auricle are better heard than those coming from behind. The 
auricle is so indlined and is so formed m to “ catch * forward sounds better 
than rear onesf Such variations in loudness, according to the relative 
positions of the sound and of the ear, may conceivably help in determining 
the mculence of the sound. The other possible factor, assisting the 
determination of laterality and incidence, consists in the tactual sensations 
which vibrations of sound may conceivably evoke by their contact with the 
auncle, the external meatus, or the tympomc membrane. The experiments 
described m this paper also afford some estimate of the value to be attoolied 
to these two factoit). 

II JlxpenmmUal 3idhod«. 

The experiments were conducted in a soond>proof room (B, fig. 1), 
the walls and ceiling of which, composed of stone, peat*mos8, and cork 

* Angell and Fits, 'University of Chioago Deosnnial Pablioation^* voL Z, part 8 
( 1908 ) 

f How the ear "oatohee ” eouiuiU ie quite unknown. The old «£ nfleetion 

of the sounds from the eonoha to the traguii, and thoaoe into the ia iw« t.M»^Kl^ {a 

view of the disproportion between the sim of the ear and the length of the e ov'v* wavea 
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composition, were covered on their inner surface with a thiok layer df hondiair 
The floor, also isolated from the rest of the building, was similarly covered. 
By this means the reflection of sounds from the walls and floor was reduced 
to a minimum The subject sat blindfold m the centre of the room. A 
sound perimeter (P, ^ also fig 2 ) was constructed for these experiments. 
It consisted essentially in an arm M, silently rotatable about Z by means of 
the handle L, and carrying a funnel-shaped mouth F, which was connected 
by a flexible pipe with the sound-producmg apparatus m a neighbouring 
room. The centre about which the arm of the perimeter rotated was 
always placed over the point midway between the two ear-holes. The 
perimeter could be turned round the axis A so as to give sounds m the vertical 
as well as in the horizontal plane 

With the perimeter arranged as in fig 2 the sound could be presented at 
any point m the median vertical (sagittal) plane, te. directly in front 
of (= 0 °), above (s 90° v ) or behind (= 180°) the subject, or at any mter- 
mediate point. The sound could also be presented, as in the arrangement of 
the penmeter shown m fig 1 , at any point rm the horizontal plane at the 
level of the ears, le directly in front of (= 0 ^) or behind (=8 180°) the 
subject, or exactly opposite the nght or left ear (= 90° h or 270° h.) <ur at 
any intermediate point 

The pipe connecting the fuxmel with the sound-producing apparatus was 
enveloped with layers of cotton wool and bandages, and passed through 
a tube m the wall of the sound-proof room to a very wide-monthed horn H, 
such as IB used in connection with the phonograph when heard in huge 
halls Before this horn were arranged four of Stem’s tone-vuiators, Vi, Vi, 
Vg, ^ 4 , blown by wind from a hydraoheally worked oi]^ bellowa These 
tone-variators, one of which, Vi, was nnenoloBed, produce relatively pure 
(overtone-free) tones , they are essentially bottle whistles, each consisting of 
a mouthpiece fixed over a metal air-oontaining cylinder. The pitch of the 
note depends on the height and oiroumfeience of the cylinder, the base of 
each cylmder being movable so as to adjust the pitch accurately. The first 
or largest tone-variator was arranged to emit a (fundamental) tone <d 
216 vibrations per second. The second variator gave the first overtone, the 
third gave the second, and the fourth gave the third overtone, of this 
fundamental, t.e. they emitted tones of 480, 646, and 860 vibrations per 
second respectively. In order to reduce and to vary at will the loudness of 
these overtones, the three corresponding variators, Ya Ya Y 4 , were each 
enclosed in a wooden box, open at one end. The open end of each bmc 
could be more or less completely closed by means of an adjuatobls slide, 
thus allowing the intensity of the overtones (and hence the timbre of the 
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total sound) to be experimentallj vaned.* Three positions of the slides 
were adopted position B, the middle or “ normal” position of the shdes, 
which was used for practising the subjects in sound localisation , position A, 
in which the slides nearly closed the open ends of the boxes , and position C, 
m which the slides were drawn well out so as to produce relatively loud 
overtones 

The loudness of the whole sound (fundamental and overtones) was vaned 
by moving the horn nearer or farther from its middle or ” normal ” position 
The subjects were practised in sound localisation with the horn at its 
“normal" or B position Subsequently, the loudness of the sound was 
decreased by moving the horn farther from the tone^vanators (the A position 
of the horn) or increased by moving the horn nearer to the tone-VBriators(its 
0 position) 

The use of the tone-variators and of varying positions of the slides or 
horn, just described, necessitated the presence of an assistant in the room m 
which the sounds were produced. Communication between him and the 
experimenter, who sat with the>subject in the sound-proof room, was effected 
by means of loud-speaking telephones and an eleetnc bell, so that by 
pre-arranged signs the assistant might give the sounds at the desired 
moment, and vary their timbre or loudness m the desired order 
Experiments were also carried out m which the sound was produced by, 
the experimenter within the sound-proof room by means of a telephone 
buzser or an electric bell placed at the position of the funnel F, at the free 
end of the rotating arm of the penmeter 
Except when otherwise stated, the mode of procedure was as follows 
The subject, seated in the chair 0 in the sound-proof room, was blindfolded, 
and a head rest was adjusted to the baok of his head in order to prevent, so 
ht as possible, any movement. The penmeter was then arranged so as to 
allow ot sounds being given in one or other of the two planes (vertical 
or horisontal), and the shdes and horn were set at their respective B positions 
Several sittings were given by each subject for practice in localisation, and 
later the positions of the slides and horn were irregularly vaned for the 
study of the effects of vanations in the timbre and loudness of the sound in 
one of the two planes, before similar experiments were made in the other 
plane. The production of the sound which the subject was required to 

* In a number of prehminary experiments, I employed resonetore at variable dutanoe* 
from the variatore, but the tones conducted from tho resonatoni by narrow rubber tubee 
to the sound-proof room wore too weak for my purpose. I aleo tried a loud-ipeaking 
telephoae for oonduoting &e tones, but, owing to the nnsatiafectory timbre and incon- 
sOrnf Of the raeulting sound, 1 had to abandon this method Ulmwiso. 

X 2 
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Icxsaliee was preceded by a wamug " Now ” , and the souiid was allowed to 
last for about two seconds Immediately after each sound was given 4fae 
subject was required to indicate its supposed position In the early stages 
of practice the sounds were given at any position within the half circle 
(from 0° to 180°) of the plane concerned, and the subject’s forefinger was 
armed with a huge giaduated quadrant carrying a freely movable index, so 
that when he pointed to the apparent direction of the sound the mdex 
icgistered the angle at which the sound appeared^ to be placed In the later 
expenments, when only three positions of the sound m any one plane were 
employed, and the subject was either being mstracted in correct localisation 
or (still later) bemg tested for the effects of variations in timbre and loud- 
ness, lie learned to lotum his answers orally in terms of the angle from 
which the sound appeared to come 

Eleven subjects were investigated, seven male and four female, all under 
40 years of age. Each sittmg lasted about 40 nunutes, and each subject 
gave from throe to six sittmgs, making from 200 to 400 judgments of 
localisation 


III Meperimental BeauUs 
] Zotalimttim be/me Piwtm—- 

^ (a) For fSouruta in the Median Vertical Sagittal Plane — Without practice 
the complex sound from the variators proved extroordmarily difiioult to 
localise. Whatever the actual position of the sound, some subjects localised 
It in front, others localised it behind, others were unable to gi\e any 
consistent localisation As one subject lemarked, ** I could put it anywhere , 
I seem to Ihmk out where it might be and then it seems to be there “ 
Another subject reported, " When you tell m^ where it comes from, I see it 
can do so, and cau place it there ” 

When the vanators were replaced by a telephone buszer before the bom, 
no appreciable difference in the certainty or aoouiacy of localisation was 
observable 

It was always difficult to arrange the apparatus so that the sound appeared 
exactly in the middle line At first the difficulty wan traced to a slight 
of the sound through the 0exible tube which conducted the sound from the 
inlet pipe in the waU to the funnel-shaped openu^ home on the perimetw. 
But even wlien this difiiculty was surmounted, the slightest error m the 
position of the perimeter in regard to the sagittal line of the head immediate]^ 
occasioned lateral (right or left), instead of purely median, local 

Wondering whether any possibly still remaining leakage of sound during 
transmission could be responsible for the extreme difficulty and 
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of localisation of the variator sounds, I replaced the funnel<shaped mouth 
first bj an electric hell, later by a telephone buszer, in Idie expectation of 
obtaining more accurate and certain localisation when the sound was generated 
on the perimeter instead of being conducted to it from the room outside 
The same diverse and erratic looalisateons were maintained Some subjects 
never locahsed the sound behind 00° v. if it was placed at 180^ , others never 
localised in front of 90° v a sound given at 0° Here, for example, are the 
records of two subjects, J. and Ss , for sounds of the buzzer (afiixed to the 
perimeter) at 0“, 90° v and 180° . — 


0° 

0° 

0° 

J 

0° 0° 

0° 

0° 

180° 

Sb. 

180° 

180° 

90 v . 

90 

120 

90 

90 

90 

90 

135 

135 

135 

180 . ... 

90 

90 

90 

90 

90 

90 

130 

200 

200 


Before I had obtained evidence of these striking individual difierences in 
localisation, I wondered whether inequahties in the icflexion of the sound 
from the four walls of the room could be responsible for the gross errors met 
witlL Accordingly, on several occasions, I reversed the position of the subject, 
testmg him now with his face, now with his back to a given wall With these 
changes one subject was tested with the variator sounds, two subjects with 
the buzzer sound conducted from the room outside, and one subject with the 
bell ringing on the perimeter But in no case was any change in localisation 
relatively to the subject observable. If he had locahsed all sounds to his 
rear in one position, he continued to localise all sounds to his rear in the 
reversed position, and so on. 

ThK result is striking evidence of the influence of natural tendencies and 
prejudices on the part of the subject m his localisation of sounds placed in 
the median sagittal piano The influence of expectation was also clearly 
demonstrable by directing the subject’s attention forwards or backwards at 
the moment of the production of the sound, whereupon the apparent position 
of the sound was generally changed in the sense of such direction of the 
attention.* 

(b) For Smmdo t» the HorvuonUal Pfoae.— But if the ability to localise fore 
and aft sounds in the median vertical sagittal plane is so defective, we should 
not expect to be better able to locahse fore and aft sounds {daced along the 
horizontal plane; for both kinds of localisation are mstances of what 1 

* The following oaavemthm between snbjeet (8.) and expenmenter (E ) will eerve to 
illustrate this fsature I'-BL " I expected a sound behind and I got it [eound given at 0"] 
there." E. ” Vow try to unagine it in front "[eound at 0* repeated]. 8 '*Yea,Ioertamlv 
get it there, too.” E. "Vow tty to inagine thia round [at 160*] behind.” 8 "Tea. 
certainly it is there, but whan I ebange my idea to ita boing in fnmt^ I get it there too ’ 
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have termed moidence. Laterality can only oonoem whether the aonnd is 
placed to the right or left of the subject or somewhere in the median hne , 
and, as I have already said, errors m laterality were never foudd in tiiese 
experiments, provided that the auditory acuity of the subject’s two ears was 
normal and that the position of the sounds relatively to the two ears was such 
as to produce the required binaural difference (or eqnolily) of loudness. On 
the other liand, whatever iactors are responsible for the determination 
incidence sliould hold for the horizontal, as well as for the median 
sagittal, plane 

Exjteriments carried out on five subjects with vanator sounds given in the 
horizontal plane reveal just the same inaccuracies as have been described for 
the median sagittal plane The first of these subjects localised all sounds — 
whether foie (40® h ), side (90° h ), or aft (135° h ) — behind his ear, the 
second localised them all in front of his eai, the third localised fore and aft 
sounds in front of his ear, while the fourth and fifth subjects gave too 
variable a localisation to allow of any more general statement than that 
they showed total inability to distingm^ fore, side, and aft sounds from one 
anothei 

Two questions naturally anse — How is it that previous observers, while 
recognising a liability to err in the localisation of such sounds, have not laid 
stress on the initial grossiiess of the errors of localisation revealed under the 
conditions of these experiments ? How is it that these errors do not play on 
equally prominent pait in oiir everyday Ufa ? We are all aware of occasional 
errors m fore and aft localisation, but it is relatively seldom that they are 
brought to our notice 

Now, one important factor consists m famikarity with the sound. Xs we 
shall see, with practice every subject learned to localise correctly Another 
important factor employable in everyday life, but eliminated to a very laige 
extent in these experiments through the use of a head rest, consists in head 
movement On several occasions in the course of these experiments I 
expressly instructed my subjects to move the head while they were listening 
to the sound, wheieupcn their erron in localisation were immediately and 
often quite accurately corrected 

In some experiments, moreover, perfmmed in the open air, in whidi I 
acted as subject, where the vowel E was spoken by an assistant and his 
position had to be ascertained, I localised both fore and aft positions forward, 
but when the experiments were repeated with a small head mo^ment 
carried out during the production of the sound, I at once changed die 
localisation of the rearward sounds from fore to aft 

Obviously, by turning the head, the sound is alterable m utendiy ; for. 
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as 1 have already mentioned, the position of the auricle u adapted for 
“oatchiog” sounds oommg from in front (and m consequence of which our 
auditory acuity is keener for forward than for rearward sounds) But 
turnmg the head alters, too, the timbre of the sounds, a forward sound 
appears to the ear not only louder than, but also of a different timbre from, 
the sound placed to the rear * 

It is noteworthy, however, that, whereas change in the position of the head 
while the sound was being heard was remarkably effective m correcting errors 
of localisation, change m the position of the sound while the head was at rest 
proved of little or no advantage for such correction It generally resulted in 
an interpretation of increased or diminished loudness, or of increased or 
diminished distance of the sound , less frequently, a movement of the sound 
was detected, but the direction of the movement was not always correctly 
given, and the initial error in localisation failed to be corrected by the 
detected movement of the sound This difference in effect between what 
may be conveniently termed “ active ” and " passive ” change in the position 
of the sound is of considerable interest in relation to the associated function 
of the semicircular canals and (in animals) of the movements of the auricle 

Two other factors which are conceivably of importance in determining the 
incidence of sounds, but which were almost wholly eliminated m these 
experiments, may be briefly mentioned Of these the influence of expecta- 
tion has been already alluded to on p 273, and was almost always success- 
fully ruled out by the noiseless movement of the perimeter On several 
occasions I expressly asked the subjects if they bad any notion of where the 
sound was oommg from, and they generally rephed that they bad no idea 
In everyday life, however, and, perhaps, m many of the experiments other- 
wise conducted, various cues may determine a favourable attitude of 
expectation m the subject. The remainmg factor, the effect of sound 
reflections from the ceiling, walls, and floor, was prevented by the peculiar 
construction of the sound-proof room (pp 268-270). But in everyday life 
and after brief practice in experiments, conducted under ordinary conditions, 
there are indications that such reflections are taken mto account and thus 
assist in determining the mcidenoe of the sound,f 

e It is praotleally impowible to increase tbe loudneis of a sound (t «. the intensity of 
the fundamental and its overtones) without attoring fts timbre (the relative intensity at 
the fundamental and its overtones) Even il thu oonld be physically reslised, the 
varying position of the peculiarly formed aande relatively to the sound may be expected 
to influence the ease with whi^ it takes up the different overtones contamed in the 
sound. 

t Since wntmg thu, 1 have examined two subjects, first in an ordinaty room, and 
later (after a rest) in the sound<proof room, uaiag the perimeter with an attached 
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2. Loealmtwn. dwrmg PraxAie^--^ 

(a) For Sounds in, the Median Vertical Sagittal Plane . — ^The ptaotioe 
experiments were earned out during several nttmgs, the number p. 272) 
depending on the rapidity of improvement in the subject’s accuracy of 
localisation. The subjects were now told when they were right or wrong, 
and only three positions of the sound were given — at O” directly m front, 
at 90*^ V directly above, and at 180** directly behind an imagmary line 
between the two ears. , 

The hnal result was always to establish absolute accuracy in the localisa- 
tion of the sounda But the three positions were not learned with equal 
ease , consequently the total number of nght answers varied with the 
position of the sounds, the figures dunng relatively late stages of practice 
with the vanator sounds being — 

For 0° . 80 per cent of answers correct 

» 90v . . 72 „ 

180 67 

The criteria apparently employed dunng the subject’s practice, m order 
to distmgmsh these three positions, were (i) so-called " tactual ” expenences ; 
(ii) nght or left laterality , (lii) difference in timbre, loudness, or nearness. 
Of (i) farther mention will be made lata (pp. 280-283). Reliance on (u) 
was only possible when the sound was not accurately produced m the 
middle line , if, for example, the rotafung arm swung a httle obliquely from 
before backwards, the subject came to realise that when the sound was 
beard (say) to his left it was placed (say) behind him, whereas when it 
appeared to his right it lay to fais front. In regard to (m) various subjects 
stated that at 0” the second was " fuller, ” ‘'mote volnmuious,’* or "more 
open," while at 90® v. it was "duller,’’ “dreaner,” “more drony,” or "mote 
booming," and at 180® it sounded "rather like an echo," " hunt," " laokmg m 
assurance," "fuller than at 90® v., though very like it." jret" duller and more 
distant than 0®.’’ 

Similar results were obtained during practice when the telephone buzser 
took the place of the vanators before the horn. 

(b) For Somds in the ffonamteU Plane . — ^In these experiments only three 
subjects received practice for sounds placed at 46® h., 90® h , and 186® h., 
but the results were pieoisely similar to those obtained for the sounds in the 
vertical plane. Two subjects thouglit that at 90® h. they could 

electric bell end buzser Despite the practice gained m the ordinary room, their erroie 
mcreeaed by about BO per oent. m the eound-proot room, ehowlng eleerly the 
of the etnoge eaTiroameat. Over 300 judgmente were obtained. 
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(i) “ tactual " aensationB. Of coune in the pouboBs used m the horizontal 
plane (ii) laterahtj could afford no clue as to the fore or aft localisabon of 
the sound. The remaining factoi (hi), diffinences in bmhre, loudness, and 
nearness, proved the most important ontenon in leernmg to localise the 
sounds oorrectlj One of the subjeots complamed of special difficulty in 
distmguishing sounds at 90^ h. and at 46** h. , another of special diflicnlty 
m distinguishing sounds at 90^ h and at 135^ h. At 135° h the sound 
seemed to two subjects " more remote and weaker,” “ leas clear and less 
distmct," than at 45° h. or 90° h. , the third subject, however, observed that 
at 136° h. It was “ nearer and more rounded,” “ not so veiled,” us at 45** h. 

3. Expenmenial Variationa in the Timbre and Zondness of the Smtnde — 

(a) For Sounds in the Median Vertieal Sagittal Plane — In the case of two 
subjects, after being thoroughly praobsed in the correct localisabon of sounds 
given at 0°, 90° v , and 180°, instrucbve results were obtained by expen- 
mentally varying (i) the timbre and (ii) the loudness of the vanator sounds. 
In both subjeots vanabons in timbre (produced by varymg the posibon of 
the slides) yielded less striking errors of localisabon than vanabons m 
loudness (pioduced by varying the position of the horn) Thus in one 
subject, who had j'ust given 17 of 18 answers correctly for the normal or 
B position of the slides and horn, variations in the position of the slides 
produced one doubtful and one ambiguous* answer in 11, while vanabons m 
the position of the horn gave one wrong and four doubtful or ambiguous 
answers in nine. On another occasion the same subject, after giving two 
doubtful or ambiguous answers in 18 for the normal position of the shdes 
and horn, gave 10 wrong answers and one doubtful answer in 18 when the 
position of the horn was varied. The disturbing uncertainty thus produced 
was m some degree carried over to the subsequent experiments immediately 
carried out with vanabons in the position of the shdes, when three wrong 
and two doubtful or ambiguous answers in 13 were returned. 

The second subject, who was examined only for the poeibons 0° and 90° v., 
gave five wrong and two doubtful or ambiguous answers in 27 for the normal 
or B posibon of the «hdes and horn, followed by three wrong and two 
doubtful or ambiguous answers m 18 when the position of the shdes was 
varied On another occasion, when the same subject had just given 12 oon- 
aeoubve right answers for the normal or B portion of the slides and horn, 
six wrong answers in 21 were obtainecf by varying the posibon of the horn. 
In both subjeots it was found that, whereas the sounds at 0° suffered least, 

* Aa answer is "doubtful "when the subjsotu obviously unowtain; it Is "ambiguous” 
wboa the subject asonbaa to the souad alteraative poeitkma, of which one la correct 



278 


Mr. C. S. Myers. The Infiwnce oj 

those at 90° v suffered most in the aocunu^ with which tb^ were looaliaed 
under the above oonditiona 

These results may be tabulated thus, the figures showing the percentages 
of error, doubtful or ambiguous answers bemg counted as half errors, wrong 
answers as whole errors, and the two vertical columns for each subject repre- 
senting the results respectively obtained from the two mttmgs at which each 
was examined • — 

Subject I Subject IL 

Horn and abdes in B position . * 6 6 22 0 

Horn in B position, slides in varied position 14 31 22 — 

Slides in B position, horn in varied position 33 58 — 29 

Six times, the near or C position of the horn caused a sound at 90° v to be 
located at 0°, and on two occasions, one at 180° to be located at 90° v Three 
times, immediately following a sound given with the open or C position of 
the slides, a sound given at 0° with the B position of the shdes was located 
at 90° V. , and on two occasions, immediately following a sound given with 
the B position ot the slides, a sound given at 90° v with the C position of the 
shdes was located at 0°. 

The following answers illustrate the diffaculties in which the subjects found 
themselves, and indicate the bases of their judgments of locahsation — 

Sound gtren Snbjoct't reply 

o 

Slides 0 00 T 0^ ** Because it was so fuU $ yet it seemed perfectly rertloal and 

hit me on top of the hera " 

„ 0 00 T 0^ or 00° T It seemed loud, hence front ( yet far away, hence top " 

„ A 0 P 00° T , hesitation ** Because, though not so weak as a tup sound, 

yet it does not teem so direct a* a front one,” 

„ A 0 00° y* ** Because it ts so faint " 

„ A 0 P 0^ ** Itis rather weak, though, for a front sound " 

Horn 0 00 r P 0* “ It has the character of a front sound in coining from a 

distanoe, but it's so drony and dreary ** 

„ 0 90 T 0°. *'Its oharacter resembled the prenons sound [B, OO^r], yet it 

came from so short a distance as to seem front " 

„ A 0 00° T ‘*It's drony, yet it's rather too loud for top *' 

(b) For Sounds vu the Horwynial Plane— Ttno influence of changing the 
timbre and loudneea of the sounds on their localisation is not less marked for 
sounds in the honsontal plane, although oertam differences are to be noted. 
In the following record of one of my subjects the first two columns g^ve the 
actual, and the third column gives dM spparent positions of the soond, the 
observations of the subject being given m footnotes — 
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Sound 

given 

Subject's repl^ 

Sound given. 

Subject's reply 



e 

o 


0 


Slides A 

186 h 

46h 

Horn B 

eoh 

P90h 


B 

]a6h 

186 h 

Slides A 

185 h 

46ht 


B 

45 h 

46h 

» B 

90h 

90h 


B 

90 hi 

OOh 

0 

186 h 

186 h 


B 

J85 h 

135 h 

.» B 

46h 

46h 


B 

45 h 

46h 

Horn A 

eoh 

OOh 


C 

45 h. 

185 h 

.. 0 

90h 

OOh 


B 

186 h 

186 h 

.. B 

46h 

46h 

»% 

B 

90h 

r eoh 

Slides A 

46h 

45 h 

II 

B 

186 li 

186 h 

.. B 

46h 

46 h or 90 h 

Horn 

A 

90h 

? • 

Horn A 

90h 

46 h or 20 h 

II 

B 

46h 

46h 

» 0 

46h 

46h 

11 

B 

185 h 

136 h 

.. B 

186 h 

186 h 

II 

B 

185 h 

186 h 

SbdM A 

90h 

46h 

11 

B 

OOh 

• 90 h 1 

.. B 

90h 

4&h or90h 

Slides C 

45h 

‘ 45 h 

.. 0 

ash 

46h 


* " It bu the quality of 46° h , but it li not bo far baok, 1 think, nor bo diatant aa 90° ’’ 
t “ Thafi the 46° It aU right ! " 


That 18 to say, for 19 estimations in the nomal or B position of the 
horn and slides, only four doubtful or ambiguous answers occurred (11 per 
cent, of errors), whereas for six estimations in the A or G positions of the 
bom there were two such answers (17 per cent of errors), and for seven 
estimations in the A or C position of the slides there were four wrong 
answers (57 per cent, of errors) Thus the effect of varying the loudness 
of the sound was to reduce the certainty of this subject’s answers, while the 
effect of varying the timbre of the sound was to change the apparent position 
of the sound. 

Tt will be noticed that whereas changing the positions of the horn produced 
greater confusion in the vertical plane, changing the position of the slides 
produced greater confusion in the horizontal plane We might be inclined to 
conclude from this that localisation is based on differences in loudness for 
sounds in the vertical plane, and on differences in timbre for sounds m the 
horizontal plane. But we have to remember that changes in the position of 
the horn must have affected not only the loudness but also, though much less 
markedly, the timbre of the sound , and that changes in the position of the 
slides must have afibcted not only the timbre but also, though much less 
markedly, the loudness of the sound 

We have also to bear in mind that in the vertical plane we were 
dealing with sounds placed at forward (0^, topward (90^ v), and backward 
(180”) positions, while in the horizontal plane, the sounds were given half- 
forward (45” h.), to the Bide (90* h.), and half-backward (185** h ). 

We may, I think, legitimately eonclnde that for sounds given at 0**, 90** v, 
isnd 180*, our localisation is based principally upon differences m loudness. 
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whereas for sounds given at 45°, 90°, and 135° in the horuontal plane 
our localisation is based prinoipallj upon differences in timbre ; ** prinoipally " 
because changes in the position of the horn must have affected not only the 
loudness but also, though much less markedly, the timbre of the sound, and 
because changes in the positions of the slides must have atBsoted not only the 
timbre but also, though much less markedly, the loudness of the sound. 

This conclusion is in harmony with other considerations There are 
enormous differences between sounds at 0°, 96° v, and 180°, as regards 
the favourableness of their position for being "caught up" by the pinna. 
The pinna catches sounds coming from the front better than it catches 
those coming from the rear, as is well known, auditory aouity is keener 
forwards than behind. It is hence not surprising that Vve learn to distinguish 
fore, aft, and top sounds principally by differences in loudness On the other 
hand, sounds given at 45°, 90°, and 135° in the horizontal plane must differ 
little in loudness , the difference between the extreme positions, 45° and 135°, 
IS much less than that between positions 0° and 180° ; 45° and 136° are 
almost, although not quite, equally favourable positions for the sound to be 
caught up by the pinna, and indeed 136° is the angle moat smtable for the 
direct entry of the sound into the meatus 

4 The B6le of Taetwl SeimMiiy %n Avdiiory Loeahaaitm — 

These experiments appear to prove oonduaively not only that variations in 
timbre and loudness are responsible for our determination of the incidence of 
sounds but also that cutaneous sensibility can play no part whatever m sound 
localisation That cutaneous sensations can play no part so far as concerns 
laterality is shown by the well-known fact that whereas we are able correctly 
to localise two simultaneous tones of clearly differmit pitch, placed one on 
each side of our head, whatever be their relative loudness, our localisation of 
two tones thus placed, when they are of identical pitch, depends upon their 
relative loudness, if the two tones ate equally loud, the sound is localised in 
the median plane , as soon as they become of unequal loudness, tiie sound is 
immediately localised in that ear which receives the stronger stimulus.* 

Kow, if the sounds falling on each ear gave use to tactual sensations, thoe 
can be no reason why, whatever their pitch and relative londness, two such 
tones should not be correctly localised, ana <m one side of the head, the other 
on the other. On the other hand, it is quite clear that sound localiss^mi 
rests on an auditoiy not on a tactual, enmory basis, sinoe when the tones 
ore of identical pitch only a single sound is heard and its looitiiaation is 

* I omit for simplicity’s sake the eontidention of phase dUferesos here (tee, however, 
footnote to p. S67} 
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aocordiagly asonbed to a single positioa, median or lateral, instead of to two 
lateral positiona 

Further, when the tones are of different piteh, it is impossible to see how 
tactual sensibility can be the basis of their separate localisation For suppose 
that one pinna, meatus or drum receives a senes of tactual stimuli from the 
one tone, and that the opposite pinna, meatus or drum reoeiTes another senes 
from the other, it is inconceivable how the subject can refer these two senes 
of tactual stimuli to their respective tones , how can he decide which tone to 
allot to which ear merely on the basis of his tactual sensations? Agam, 
suppose that a subject has become absolutely deaf in botli ears , why on the 
hypothesis of tactual localisation should he not still be able on request to 
localise successfully a sound stimulus though unable to hear it ns sound ? Yet 
this IS ipconceivable save in the case of the very lowest tones, the stimuli of 
which evoke tactual as well as (indeed ultimately in place of) auditory 
sensations Moreover, the unimportance of the tympanic membrane m sound 
localisation is shown by the preservation of localisation in cases where the 
membrane has been removed through disease, and m cases of tinnitus annum 
where the sensations although localised anse subjectively, within the innei ear 

That tactual stimuli received by the pinna play a part m the localisation 
of sounds in the median sagittal plane is rendered highly improbable by 
a jirton considerations. The following expenmeut, moreover, appears 
decisive After preliminary practice, 1 acqmred correct localisation of sounds 
in this plane , whereupon 1 placed a short piece of narrow rubber tubing in 
each ear, the result of which was to make an obvious change m the loudness 
and timbre of the sounds heard. Now if the pinna had been responsible for 
the previously correct localisation, no change should have iwsulted from the 
insertion of the rubber tubes into the two meatus But m point of fact, I was 
quite unable to localise the sounds correctly, and had to start airesh re-leain- 
ing them. There was no doubt in my mmd tiiat I had baaed my previously 
correct localisations on changes m the relative loudness and timbre ol the 
sounds dependent on then position in regard to the ears. The results of this 
experiment confirm those already described m this paper showing the definite 
changes in localisation produced by defimte changes m the loudness and 
timbre of the sounds. 

Nevertheless, the behef that auditory localisation is, at bottom, of tactual 
origin dies hard. Started by Weber* and perpetuated by Wundtf and others, 
the tactual hypothesis has been recently invoked by Hocart and McDougalll 

* 'Ser. d. KgL SSdu. Oea« d. Wus.,’ 1848, p 837 : 1851, p. 89 
t 'GrowbOgt dsr niyiiolognohn Ifeyobologia,* 5th ed., voL 4, p^ 487 
( 'Bnt Journ. Psydhol./ voL 8, pp. 886-405 (1908)« 
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to account for their experimental results. In my own expenments, were 1 
to trust the mtrospective data of several of my subjects, additional evidence 
could he supplied in favour of this view. 

Thus for sounds given in the median si^ttal plane, one snhgeot in her eady 
stages of practioe descnbed those at O'* as follows : " It hit my head just above 
the forehead,” " it hit me just above the forehead,” " it hit me just in front of 
the top of my head,” while the 90° v. sounds seemed to have "a more vertical 
feeling,” “a straight-downward feeling” No^ to this subject all sounds 
(in -the median sagittal plane) at first appeared to come from the ceding 
cornice m front of and above her Most descended and hit her forehead and 
vertex, whde a few others remamed there Sounds at 180'* were accordingly 
descnbed thus* “It remained on the ceding, but pomted to the forehead” , 
" it was located in front of and above me at the ceding cornice, but,it struck 
me at once on the vertex ” ; "it seemed a little lower tlian the rest, but it 
hit me m the middle of the forehead.” Another subject, who at first 
ascribed a backward position for all sounds m the median sagittal plane, 
descnbed the 0° and 90° v. sounds as hittmg him at the ocmput, and the 180° 
sounds as hitting him at the nape of the neck Yet another subject reported 
on 90° V — " that reached my eye instead of my ear.” 

In the case of sounds in the honsontsl plane similar examples may be 
quoted. One subject, who at the start ascnbed a position of 45° h. to sounds 
given at 45° h and at 136° h. and a position of 22° L or 45° h. to sounds 
given at 90° h., at a later stage of praotioe mentioned that sounds at 90° b. 
" seemed several times to end up opposite my ear, possibly giving a touch 
sensation " Yet when the perimeter arm was moved from 136° b. to 90° b., 
while the variators were sounding, this subject replied that the sound 
*' seemed to move from 30° h. to 45° h.,” and that " I felt something blowing 
on my skin at 45° h. in front of my ear” 

In the face of such evidence it seems incredible that tactual sensibib^ 
plays any important part in sound locahaatum. Only a few of my subjects 
reported its presence, and these agreed that ultimately they discovered the 
only reliable basis of localisation to consist m differences of timbre and 
loudness. We seem forced to conclude that the localisation of such 
sensations is to be regarded as resulting from, mstead of giving rise to, 
determinations of sound localisation * 

* It would be raeh to SMuaie that suditwy itimuli do not ipve rue to 
tiona the loageet sound waves unquestionably do Nevertheless, it is unlikely 
the shortest waves exoite tactual sensations, aijd it seems oertain tl»»fc whatever 
sensations an auditory stimulus may evok^ thqy play no part in dstanniniag 
looaliaation. . 
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view of the illnsory function of taotusl sensatioiiB m sounti localua- 
tion receives euppoit from other d&ta affwded by my subjects. Many of 
them, at their early stages of practice, seemed compelled to objectify the 
sound m tactual visual terms. Urns to one subject a sound at 90*’ v 
“ appears to come from a central pomt,’* while one at 180° “appears to come 
from different sides as if entering the ear by vanous rays mstead of a 
central one.*' Another subjeot said “ 1 can’t attend to the sensation as such , 
I have to fancy a motor cycle behind me,” or " 1 fonoy myself in a wood 
with the sound (given at 180°) low down at the end of the path before me " 
A third subject observed “ I give each sound a body, and each is generally 
circular — a ball ” A fourth subject, who had described the vanator sounds 
as generally oommg down and hitting her, observed that the “buzzer sounds 
“ seemed in many cases to remam in their place and to throw out a sort of 
pseudopod, like a wngghng worm pulling its tail through " In view of these 
descriptions, need we hesitate to ascribe localisations of tactual sensation, 
when they occur, to an mevitable tendency to treat looahsed sounds as if 
they were external objects descnbable m visual and tactual language, and as 
if they hit the ear, face, vertex, or occiput according to their locahsation 
determined on the basis of timbre and loudness ? 

* 

IV Conehmom 

1. The “laterality" of a sound (te. its estimated position in relation to 
the median “sagittal” plane) is determined by bmaural differences or 
equality of intensity of the sensation * Experimental changes in the timbre 
or loudness of a sound make no difference m its laterahty 

As soon as on infant begins to take notice of sounds, their laterahty is at 
once appieoiated There are no trial movements of the Iwed, this way or 
that, for sounds placed to one side of the median sagittal plane. The 
reoeptum by one ear of a stimulus stronger than that reaching the other ear 
at once determines in the infant a movement of the head and eyes to bnng 
the latter towaids the source of the sound. 

2 On the other hand, even in adult life, the grossest errors are made in 
determming the incidence of a sound (te. its estimated position in relation to 
the horizontal “ interaural ” line), unlew ^ subject has been practised in 
the changes m timbre and loudnew produced by such changes of incddenoe, 
or unless be is allowed to make movements of the bead, the effoct of which 
is to vary the timbre and loudnew of the sound while it is being heard. 

\ And, aMordhif to Lord Baykigh, by bmaural ddbraaoM or identity of phase of tb» 
eottSd waves (see, however, footnote to p. 967). 

WU UXXVIU.— & 
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3 The ** incidence *’ of a sound is hence determined its timbre and 
loudness. Experimentally produced changes in the timbre or loudness of a 
sound lead to marked changes in its apparent incidence 

4 Tactual sensibility appears to play no part in auditory localisation 
Localised tactual sensations evoked by auditory stimuli are generally the 
outcome of interpretations by the subject, resulting from his natural 
tendency to treat sounds as material objects, and to refer to them a 
localisation based on solely auditory data 
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general revision of the oxidase ferments, and in porboalar a general 
oomporiBon with metallic oxidases As is well known, oxidases are widely 
distributed in plants, and ore frequently responsible for the changes of colour 
in extracted plant juices or in plant tissues after death 

In the case of the apple and potato, the cnnons fact that brownmg took 
place in pulp killed by immersion iii poisonous metalhc solutions, but not 
when killed by heat, demanded special mvestigatuin 

The Stmomiuf of Appb a aiuf Potalwe, 

It IS generally assumed that this is due to the action of an oxidase feiment 
upon a chrumogen present in the pulp cells, such as tanmc acid m the ajqile* 
and tyiosin m the potato, but the oxidase is not necessaiily the same in either 
case The tci in “ oxidase ” in fact rather represents a result than a }iarticular 
substance, and many " oxidase " actions aie not necessarily due to oigamseil 
ferments or enzymes at alL In a piovious pajier it has been shown that 
apple pulp immersed in solutions of metalhc poisons may still turn browi^ 
although ordinary ferments are destroyed by such poisons Furtliermoie, 
the reasons why the browning takes place on death, but not in tlie living cell, 
and not when the cell is killed m certain special ways need mvestigation Pro- 
chromogens or zymogens may exist in the living cell which decompose into 
interacting chromogen and enzyme on death, or the latter may be kept apart 
in the hving cell by senupermeable membranes whicli lose their imiierme* 
ability on death. In the latter case the localisation of the chromogen and 
enzyme in the cell becomes a problem of special importance 
According to Grussf “ Antioxidases capable of arrestmg oxidase loacltons 
exist in various plants, and if the oxidase and the “ antioxidase ” balanced, a 
chromogen and its oxidase might exist in contact in the living cell and the 
mode of death might determine whether browning occurred or not Behren8§ 
considered that the browning of the apple pulp is due to a direct oxidation of 
tannic acid to fonn a leathery compound with the proteids of the cell, without 
the aid of an oxidase 

{, iThe first point needing full mvestigattun was the influence of poisons on 
t browning, particularly in regard to the time factor and the rapidity of 
penetration. 


* Liadet, *Compt Bsnd vol 120, p. 370 (1806) 
i ' Biola^ und OapillwranslyBe dsr Enzymen,* p 66 (1912) 

} To avoid possible oonfuaion, the word "inhibitor'' may be used instead of this term 
j 'OentmlbL f. Bskt,' 2 Abth., vol. 4, p. 614 (1886) 

Y 2 
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The Jnfivence of Foisom m Browning 

As is well known, apple and potato pulp if killed by dropping into boiling 
water, remains colourless in the presence of oxygen for an indefinite length of 
time, and this according to Bourquelot is due, in the case of the apple, to tbe 
destruction of the oxidase responsible for browning When portions of apple 
pulp are immersed in very dilute sulphuric or tartanc acids, the pulp turns 
brown, whereas in stronger solutions it remains colourless. This might be due 
to the stronger acid inhibiting or destroying the oxidase ferment, or 
preventing its formation if only present as a zymogen m the hving cell 
Pulp pounded m itt own volume of l>per-oent HaS 04 remains colourless 
and gives no giuuacum test and no distinct decomposition of HtOs. If pounded 
and allowed to brown before adding the sulphuric acid, no oxidase reactions are 
shown after, but active ones before the addition of the acid Slices of fresh 
pulp decompose HgOs actively and also turn guaiacum blue If pulp pounded 
with 10-per-oent HsS 04 is neutralised with ammonia and tested, it gives no 
oxidase reactions. Apparently, therefore, the sulphuric acid acts directly 
by destroying the oxidase present in the hving cells 
Pieces of apple pulp immersed in poisonous metallic solutions develop a 
brown colour on diying, and the same is shown whatever the concentration 
In 1 and 6>per-oent solutions of lead mtrate, however, the brownmg is famter 
than usual and is mainly confined to the veina Lead nitrate destroys 
oxidase ferments and hence apparently the production of browning and the 
presence of oxidase are not exactly jiarallel The addition of dilute ammonia 
rapidly turns the pulp a deeper brown, but the immediate addition of dilute 
H|SOt or HCl restores the origmal pole colour Hence the browning 
produced by ammonia is not quite the same os the permanent brown produced 
m slowly dying pulp cells If the pulp is socdced m dilate ammonia for some 
hours, acids will not, however, entirely remove the brown colour 
When pieces of pulp are soaked in a poisonous solution, a certain tune 
elapses between the first penetration of poison and the death of each cell, and 
this timS'interval will be greater in tbe case of deeply seated cells than of 
superficial ones This is well shown when prepared potatoes are immeieed m 
fi or 10-per*oent solutions of lead nitrate Chrmnogen oxidation onty tskes 
place towards the inner boundary of the difliinon zone. 

To eliminate the time factor the pulp was n^idly pounded in a mortar 
with the pmsmous solution and then tested with guaiaoum and HsO» I^sandi 
crab ap^es were used 
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With fresh intce or pulp from potatoes the following results were 
obtained — 


Poison 

Colour change 
in air 

G-uaisoum test 

Decompontion 
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6 per cent lead nitrate 

Nil 

Nil 

Nil 

6 mercuric ohlonde 1 

If 

Blue 
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6 If copper sulphate ' 
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Stro^ blue 
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At first sight these results seem to show that browning is not closely 
related with the presence of the oxidate With absolute alcohol, however, if 
the pulp IS allowed to stand for a short time the oxidase reactions entirely 
disappear Apparently the alcoliol first weakens and then destroys the 
oxidase and the oxidation of taniiic acid seems to require a more powerful 
oxidase action tlian is necessary to produce a blue with guaiacum 


Iiwiganvs Oxn/iUtMt, 

In addition the mfluence of the metallic poisons must be taken mto 
BocouDt. According to L Meyer,* salts of manganese such as the chloride 
and sulphate can act as strong oxidases, and salts of copper, iron, and cobalt 
have the same power but progressively decreasing, whilst the least oxidase 
action is shown by salts of nickel, zinc, cadmium, and magnesium It is not, 
however, clear as to whether a strong metaUio oxidase oxidises all substances 

* 'ia; Oh«m G«mU vol. SO, p. SOBS (1B87) 
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capable of oxidation with the same relativel 7 greater mtensitj than does 
a feeble oxidase, or whether a strong oxidase to one substance may be 
a feeble oxidase to another as in the case of the organic oxidases Other 
points needing elucidation are as to whether oxidase action is solely due to 
the metallic base, and what induence a metal such os iron will have when 
present as an acid Also as to whethei peroxide of hydrogen only 
accelerates oxidase action when the oxidase salt decomposes it In the 
following table the results of a senes of tests are given using guaiacum, iirsol 
tartrate,* hydroqinnone, pyrogallic acid, gallic acid, tannic acid, and tyi^osin 
as oxidant substances In ordei to render possible a comparison of the 
relative activities in each ease, the oxidase was present in one-tenth the 
molecular concentiation of the oxidant, except in the case of the guaiacum, 
where the alcoholic solution is best allowed to float as a thin layer on the 
oxidase solution 


The exposure to air was continued for one day, and if the colour was still 
the same as the test solution the result is given as nil A rapid 1 ‘eactiou is 
indicated by three positive signs (+ + -{-), slower ones taking one or more 
hours to become distinctly perceptible by two signs ( -h + )i a very slow one 
taking the full 24 hours hy one ( + ) In the case of guaiacum, owing to the 
mode of application of the test, the time factor does not enter to the same 
extent, but a difference in the strength of the oxidase is indicated the 
depth of the blue coloration (strong = -p + + , weaker blue s= + +, feeble 
blue + ) 
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* Feme saH fonned, heuoe the oxideee reeetiorie with HgOg the lame as with feme ohlonde 
t oonTerts ferrcx^aoide partly mto femoTanide Heoco ferrooyamde and HgOg ^Te 
uiuilar oxidase veaotions to the femcranide StmilaTly traces of fernoyanide appear slowly in a 
solution of fonooyanide exposed to hglit and the hqmd becomes a deeper yellow, while ultimately 
prussuu blue separates out According to Sarthou (' Joum Pharm Ohim ,* toI 1, p 482, 1000), 
tlie bark of ^e4i«Kts molU contains a ferment sohuioxidase " which oonrerts potassium ferro- 
cyanide into femeyanide It is, liowerer, re37 doubtful in this ease that we are dealing with an 
oxidase ferment at all 

X With dilute solutions the colour change with hydroxyl is easily distinguished from the 
oxidase ofaatigA by ueing oontrols A mixture (fi dilate 0r(^ and HjOs becomes oolourless agaiu 
on long standing 

§ lAde adding potassium carbonate to a boiling solulion of acid ])otautam phosphate until 
imperceptibly acid or alkaline to litmus 

The foregoing Table ahows cleat ly that an inoi;gamc oxidase is not 
necessarily a “ katalase," nor a katalase an oxidase, and that hydrogen 
peroxide may accelerate the oxidase action of substances incapable of 
decomposing it 

In the case of nitric acid, ohromie acid and potassium permanganate the 
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oxidation is, m part at least, a direct one and hydrogen peroxide dimimshes 
the oxidising action. If hydrogen peroxide is added to veiy dilute potassium 
permanganate, a colourless liquid is formed and the evolution of oxygen soon 
ceases With stronger solutions the liqmd is brown, and contuns an oxide 
capable of continuous oxidase and katalase action 

The Tables show further that chromium and iron can act as oxidases when 
present in the form of acids 

In general a feeble oxidase acts feebly on all the substances tested, and the 
order of sensitivity to oxidases is guaiacum, ursol tartrate, pyrpgallol, 
hydroqiiiiione, gallic acid, gallotannic acid, tyrosin There are, however, 
various exceptions. Thus chromium chlondo and manganese chloride give 
a blue with gnaiacnin, and copper sulphate does the same in the presence of 
HjOt, but all three give direct oxidase reactions with ursol tartrate, 
pyrogallol, etc Where there is a strong tendency to precipitation between 
the oxidase and oxidant as in the case of lead acetate or of fernc chloride 
and bydroquinoue, the oxidase action may be retarded or prevented. In the 
case of potassium phosphate the feeble oxidase properties are evidently due 
to the phosphoric acid and not to the potassium. Further, the chlorides, 
nitrates or sulphates of the same metal are not neoessanly equally powerful 
oxidases, chlorides apparently surpassing sulphates (see copper) and nitrates 
chlorides. Thus cobalt chloride shows no oxidase properties with or without 
HgOs. Cobalt nitrate slowly browns pyrogallol and hydroquinone in the 
presence of HsOi but is inactive to guaiacum, ursol tartrate, and tanmo acid. 

Lead nitrate shows no oxidase action, whereas lead acetate exhibits a 
peroxidase action. Yellow potassium chromate has similar oxidase properties 
to potassium bichromate except that it causes tannic acid to brown rapidly 
m the absence of H|Oa, probably owing to the alkaline nature of the basic 
chromate. 

The Nature of Chfuiatee^ 

The fact that certain plant oxidases contain oxidase metals, suoh as 
manganese in laocase, has long been known and oertam oxidases, as for 
instance, tobacco oxidase, can be boiled without being destroyed. Woods* 
considers that this is due to the oxidase existing as a symogen from wldoh 
on cooling the oxidase is reproduced. The supply of qrmogen can, however, 
hardly be unlimited, and, since the boihng can be repeated more tban onoe 
without destroying the oiadase, it must itself be resistant to heat - 

According to Bach and Chodatf the oxidases form three distinct groups of 
ferments, namely — 

* ' Ball. tJ a Dept. Agno.,' vol 18, p. 17 
t 'Bioehem. Oentralbl,’ 1^ p. hl 
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(1) Oxygenases, proteins which absorb moleculai oxygen forming per- 
oxides , 

(2) Peroxulasos, which increase the oxidising piwei of peroxides and can 
only act m their presence , 

(3) Katalases, which destroy peroxides with an evolution nf oxygen 

An oxidase which turns guaiacum blue without hydrogen peroxide being 
added is a mixture of ferments of the hrst and second class Thus Baeli* 
considers tyrosinase to be a mixture of a specific oxidase and a specific 
peroxidase 

Moore and Whitleyf conclude that all oxidases are peroxidases acting in 
the presence of a peroxide, such as may be present in certain solutions of 
guaiacum, or an organic peroxide derived from the juice of the plant tested 
The peroxides can be removed from the juices and from guaiacum by adding 
animal charcoal and filtering, and they are destroyed by heating to 
55°-60° G for several hours. After such treatment potato juice will only 
give a blue with guaiacum on adding HaOa 

As a matter of fact the action is merely to attenuate the oxidase, so that 
the addition of an accelerator such as Hsf)s is necessary to tender the 
oxidation of the guaiacum perceptible. The facts that potato juice decom- 
poses peroxides strongly, and that the juice and pulp give negative results 
when tested with decolorised magenta, and show no eflervescence uptil HjOs 
is added, are hardly in accord with Moore and Whitlej’s explanation, and a 
study of the preceding Tables shows that, so far as metallic oxidases are 
oonoemed, too much importance can easily be attached to the mfluenoe of 
peroxide of hydrogen on oxidase action Thus in some cases the same 
substance may be a katalase, an oxidase, and a peroxidase. In other cases 
the same metallic salt may be an oxidase to one reagent, a peroxidase to 
another, inefTective to another, and may or may not at the same time be n 
katalase. 'Finally, the mere addition of HsO* may convert a weak oxidase 

peroxidase ”) into a stronger one, which will then act m the absence of 
HsOi (ferrous salts and potassium ferrocyanide). 

Moore and Whitley found that hydrochloric acid of 1/800 normal concen- 
tration nearly destroyed potato oxidase, and quite destroyed carrot oxidase, 
while sodium hydrate of similar oonoentmtion had no effect On the other 
hand, NatHPOi had a stronger destructive action than KaHgFOi. The 
reaction may, however, be prevented without tlie oxidase being destroyed 
Thus the addition of hydrochloric amd (or sulphuric) to feme chloride 
removes its power of giving a blue with guaiacum, while tartano and citiic 

* < fierichte,’ voL 88, No 10, p. 8186 (1806) 
t ' Biooheou Journ voL 4, p. 136 (1808) 
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acids hinder or decrease the blue reaettou, which is however given strongly 
even in the presence of I -per-cent oxaho acid Hydrogen peroxide is 
partially antagonistic to this action, and it is possible to obtain acidified 
solutions of ferric chloride which will give a blue when peroxide of hydrogen 
has been added, but not when it is absent The effect probably depends upon 
the ionic condition of the iron in solution, bnt the disappearance of an 
oxidase reaction on the addition of acid does not necessarily mean that the 
oxidase has been destroyed, any more than feme jihloride is destroyed by the 
addition of hydrochloric acid Further, in Moore and Whitley’s experiment 
with expressed potato sap heated to 55° C for some hours, the sap becomes 
more acid, and this might in itself be a suifioient explanation of why an 
addition of peroxide of hydi'Ogeii then becomes uecessaty to obtain an 
oxidase reaction 

Further, the case of cobalt chloiide and ammonia shows that the addition of 
alkali to certain plant oxidases might greatly Increase their oxidase activity 
or might convert a non-oxidase combination into an oxidase one Thus, with 
a small quantity of ammonia, cobalt chlonde forms a green precipitate; slowly 
oxidising to brown ; but with slight access of ammonia a nearly colourless 
liquid 18 formed, oxidising to brown from the suifaoe If the two hquids are 
diluted, the latter gives a blue with guaiacum directly, and the former an 
intense blue on adding HtOj , hut without HaOi no blue is given, or only a 
faint trace on long standing In otbei words, an oxidisable substance can 
act as an oxidase, and ammonia, by accelerating the rate of anto-oxidatiou, 
also increases the intensity of oxidase action and converts a peroxidase into 
an oxidase 

According to Porodko,* per salts (> 10 ) of iron, copper, manganese, and 
chromium give a blue with guaiacum in the absence of peroxide of hydrogen, 
proto salts (-ous) only when it is present This is, however, by no means a 
general rule Ferrous chloride gives a blue without HaOs, but not oupno 
sulphate or manganic chloride in modraate dilution Lead nitrate gives no 
blue m the presence or absence of hydre^en peroxide, while lead acetate gives 
a strong blue in its presence Further, the addition of HsOt converts the 
non*oxidase ferrous sulphate or potassium ferrocyanide into feme compounds, 
which give a blue with guaiacum in the absence of hydrogen |ietoxide 

Oxfuitm SenvUiMHH md Inhdntora, 

Yanous neutiul salts may exert a powerful action on metalbo oxidases 
either as sensitisers or retardants Thus an old test for a soluble copper salt 
given by Piirgotti is * Add salt and pour on top an alcoholic solution of 
tt >Bot Gentralbl ,’ Beihefte 8, voL 16, p 1 (19M} 
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guaiaoum— «trong blue colour Either sodium or potassium chloride will cause 
copper sulphate to give as deep a blue as m the presence of converts 

it from a *' peroxidase ” to aii oxidase. The action is not solely due to cupno 
ohlonde being present in the mixed solution, since the blue is deeper than 
with cupnc chloride alone The intensity of the action decreases slowly with 
increasing dilution It is given by a dilution of 1 grm. of copper sulphate in 
100,000 c 0 of water, faintly in a dilution of 1 in 250,000, very faintly by 
1 m 100,000, and not at all lu a solution of 1 m 10,000,000, ie. guaiacum is 
about as sensitive in, the presence of salt to the oxidase action of copper 
sulphate as the pulp cells of apples are to its poisonous action 

Sodium and potassmiii phosphates are also able to act as sensitisers to such 
oxidases as potassium ferncyauido, and the influence of a sensitiser may diow 
with some but not necessarily with all test substances (oxidants) The 
accelemtmg action of phosphates is particnlaily marked with tanmc acid, if 
sufficient IB added to leave a clear solution An excess produces a purplish 
white precipitate and naturally interferes with oxidation Acid potassium 
phosphate is a less active oxidase sensitiser than the neutralised solution of 
the same salt Neutral potassium phosphate accelerates the oxidation of 
tanmc acid by potassium permanganate, but not by black oxide of manganese, 
and it acts as a retardant to those soluble metallic oxidases which it pre- 
cipitates 

Water itself may act as a sensitiser as well as an oxygen canter Thus, 
if potassium ferricyamde is dissolved m pure boiled glycerine and guaiacum 
dissolved in absolute alcohol added, even after long standing only a faint blue 
or none at all appears at the junction of the two liqmds, which rapidly inten- 
sifies on adding a little water Nasse and Fram* have even gone so far as to 
asenbe the oxidation entirely to the hydroxidatiou of water without the 
presence of free oxygen being necessary, but Porodkof has shown that this is 
not the case 

The addition of a neutral solution of potassium phosphate to potassium 
ferrooyaiude does not cause any femoyanide to appear, but causes it to behave 
as a weak oxidase to guaiacum, ursol tartrate, pyrogallol and hydioquinone, 
and as a “ peroxidase " to galhc acid, tanmc acid and tyrosin The action in 
the presence of hydrogen peroxide is, however, in part due to its partial con- 
version into ferricyamde Neutral potassigm phosphate intensifies the 
oxidase reaction of potassium femoyanide and converts it from a non-oxidase 
to tannic acid and tyrosin into an oxidase to the former and a “ peroxidase ' 
to the latter 


* ‘Pflliger'i Arohiv,’ voL 63, p SOS (1696) 
f ‘Bot. Oestralbl Bsihafts, voL 10, jx 1 (1904) 
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To Bone extent acid potaBsium phosphate and peroxide of hydrogen are 
antagonistic in their action on potassium fem(^nide,and tieuce the oxidation 
produced when both are added may be no greater or even less than when 
either is added singly 

In the case of tannic acid, the addition of sodium or potassium phosphate 
seems ndt so much to accelerate the action of the oxidase as to render the 
tannic acid more liable to oxidation The chlondes and bromides of sodium 
and potassium act as strong sensitisers to certam metallic oxidases but not to 
others, and even with the former the sensitising action is not the same to all 
oxidants By themselves these salts exhibit no oxidase propeities with any 
of the oxidants mentioned 

A detailed comparison is given beneath of the influence of potassium 
chloride ajion the oxidase action of relatively inert oxidase salts such as 


Copper eulphste usd lodittm oblortde 
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copper sulphate, ferrous sulphate aud chromium chloride, which act as 
oxidases m the presence of hydrogen peioxide but not in its absence. 

Copper sulphate, in the presence of salt aud HjOj, rapidly causes an oxidase 
browning in tannic auiid, a slight browning is slowly produced with tyrosin, 
and a full colour sequence with ursol tartrate The oxidase reactions of 
copper sulphate and HgOg with pyrogallol, hydroquinone, and gallic acid are 
approximately the same m the presence as in the absence of salt 

In the piesence of HiOj salt slightly accelerates the oxidase action of 
chromium chloride on hydroquinone and pyrogallol, and a deep blue is given 
with guaiacum, particularly if bromide is need instead of chloride, but a weaker 
blue if no chloride or bromide is present In general sodium and potassium 
bromides aio slightly stronger sensitiscrs than thechlondes, the iodides are less 
active* and the fluorides still moi-e so or may even exercise the reverse action 

Copper acetate, ferrous chloride and potassium ferncyauide, which slowly 
give a pale blue with guaiacum in the absence of HgOs, give a stronger 
blue rapidly in the presence of salt nearly as well as when HgOs is added 
Salt 18 , howevei, unable to produce a blue in the absence of HaOa with 
manganese sulphate or chlonde, with copper oxychloride or with potassium 
ferrocyanide. 

The relative mass of the oxidase and sensitiser is of importance Thus if 
equal masses of ferrous sulphate and of KCI, KI, or KF are present, and the 
solutions fairly strong, no blue is given with guaiacum, but if the ferrous 
sulphate is present in relatively dilute solution, a rather pale blue is given 
with KCI, weaker with KB( and El, and faint or uuperceptible with KF. 
Hence if the oxidase and sensitiser are not present in tlie proper proportmna 
some oxidase actions may be prevented or overlooked Copper sulphate, 
however, even when present in excess gives direct oxidase reactions m the 
^esenoe of sensitisers, possibly because unlike ferrous sulphate it has no 
tendency to auto-oxidation On the other hand, a sensitiser does not act with 
all oxidase tests Thus neither KI, KBr, KOI nor KF, whether relatively 
dilute or concentrated, give ferrous sulphate any oxidase action on ursol 
tartrate or hydroqmnone 

The double fluoride of sodium (KaFBF) inhibits the oxidase action of feme 
oblonde on guaisoum, ursol tartrate, pyxogaBol, hydroquinone and Qnnsin, a(nd 
also its power of decomposing H|0». It stroiq^y retards the oxidase action of 
potassinm ferricyaaide and of manganese snl^iate and HsOs, aud although a 
blue h stili given with guaiacum it is much paler. A rather weaker retarding 
action 18 also exercised upon the oxidising action of potasnom permanganate 

* They osanct be triad with copper, owing to the preeipitBtiaa of riio latter, or used 
in the preaeaoe of "Sfin owing to the doeompooition of the iodide by the paroxi^ 
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and upon its power of decomposing HtOa, the solution in the latter case 
remaining clear instead of taming brown. 

The single fluoride (NaF) is also capable of acting as an antagoiiiser, 
particularly shown in the case of ferric chlonde with guaiacum and hydio- 
quinone, while with pyrogallol a violet*blne is given mstead of dark brown 
On the other hand the addition of sodium fluoride to potassium fernoyonide 
increases all its oxidase reactiouB except to pyrogallol, where a letardation 
13 shown, and readers it a weak oxidase to tannic acid and a " peroxidase *’ 
to hydroquinone 

If a dilute solution of lead nitrate is added to a dilute solution of copper 
acetate and salt in such proportion that two atoms of chlorine are present to 
each atom of lead, a pale blue is still given with guaiacum, but none if the lead 
nitrate is in excess, although in neither case is any precipitate formed Lead 
nitrate might, therefore, be regarded os an antagoniser to copper acetate and 
sodium chloride os a sensitiser An excess of lead nitrate prevents copper 
acetate giving a distinct blue by itself, but a blue is still given m the presence 
of HjOj 

In the cose of potassium permanganate the addition of sodium fluoride does 
not affect the guaiacum test or the decomposition of HsO*, slightly accelerates 
the oxidation of tannic acid (in the piesenoe of HtU>) and of ursol tartrate, 
and distinctly retaids the oxidation of pyrogallol and hydroqumone The 
same substance may, therefore, be a sensitiser to one oxidase and an 
antagoniser to another, while the action may vary according to the substance 
oxidised. 

Senaxlwn ani Awtagonvurrs to Jtant Omdouet 

It 18 well known that diastase acts as an oxidase to gnaiacum and the same 
applies to other ferments Plant oxidasee, however, appear to be more 
specific and less generalised in their action than are metallio oxidases. Hence 
it IB of importance to determine to what extent the specific peonlianties of 
oertam plant oxidases can be ascribed to the presence of accompanying 
sensibsers and antagonisers or inhibitors. 

In the following Table a general oomparison is given between a few of the 
common plant ferments and oxidases. In Uie first four oases watery solutions 
were used, m the last two oases thm slices of potato and apple were rapidly 
dried m veum after squeezing out the sap and were pounded to powder. The 
powder was added to the test solution. 

The chief peculiarities are that potato oxidase acts strongly on tyroein and 
feebly or not at all on tonnio acid or on ursol tartrate in tiie abeenoe of hydnigein 
peroxide, while apple oxidase, which is generally weaker, acts strongly on 
tannic acid and ursol tartrate but not at all on tyrosin. 
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Keither the chlorides uor the phosphates of potassium or sodium accelerate 
the oxidase action of malt diastase. If an} thing the addition of malt diastase 
to potassium phosphate appeals to slightly retard the feeble oxidase action of 
tlie latter, especially to ursol tartrate Sodium or potassium bromide enfeebles 
the blue reaction of diastase with guaiacum and HaOg 
The watery or gl}oorine extract of apples, oi the pounded pulp, gives a 
reaction with ursol taitrate in tlie absence of hydrogen peroxide, but not 
potato pulp or its oxidase extract Living slices of potato give a surface 
reaction aftei a day's immersal and the pounded pulp or oxidase extract gives 
a faint reaction on long standing According to Moore and Whitley this 
would be due to its being a “ peroxidase ” only able to act when peroxidases 
developed on the surface If so it is difficult to understand why both apple 
and potato oxidase and pulp sliould at once give a blue guaiaoum free from 
peroxide Bapidly expressed and boiled apple sap contains no trace of hydrogen 
peroxide and has no perceptible action on ursol tartrate, but if it is added to 
pounded potato pulp or oxidase extract, the latter now gives a distmct and 
fairly rapid oxidase action with ursol tartrate, which isnotaccelemted further 
by the addition of salt or other sensitiseis. Evidently apple sap oontains a 
sensitiser which is absent or deficient m potato pnlp and which is notan acid, 
for no reaction with ursol tartrate is produced by the addition of dilute 
hydroohlonc, oxalic, citric, malic, or tartano acids to the potato pul[x 
Apple ash is noh in potassium, which oocurs mainly as phosphate and 
carbonate. Acid potassium phosphate and normal potassium carbonate have 
little or no aocelerating action on potato oxidase. If they are mixed 
so as to produce a neutral solution and a amall amount added to 
potato oxidase, the latter will oxidise both ursol tartrate and tannic aad. 
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ou which pi-eviously it had little or no action. The readiiieas with which 
apple pulp or its extracted oxidase oxidises ursol tartrate and tannic acid is 
therefore apfiareutly due to the presence of a phosphatic sensitiser. Potato 
])ulp contains phosphates in less amount and in less readily soluble form but 
if a living slice of potato is immersed m boiled apple sap, a brown la}er of 
oxidised tannic acid slowly forms on the surface where the oxygen and tannic 
acid come into contact with oxidase and traces of phosphates undei optimal 
conditions for progressive oxidase action In the living cell the pernieabihty 
of the cell membrane may determine whether an uxulase and its seusitiser 
come into contact simultaneously, singly or not at all with an oxidant 
substance 

Thf Jttdntwn hekoeen. thv Aetum of MetaUw Ojmdaaeo and that of an, Eiayme 

This question has been fully investigated by H £ and F Armstrong, in a 
long senes of papers by themselves and pupils, so far as acids and hydrolysing 
enzymes are oonoemed A few data in regard to certain inorgamc oxidases 
are given beneath, and firstly in regard to the dilution at which a perceptible 
action is shown Ferric ohlonde will give a perceptible blue with gnaiacum 
down to a concentration of 0 QOOl pei cent., while copper sulphate in the 
presence of salt gives a faint blue down to 0 00001 per cent With a l-per> 
cent solution of ursol tartrate in the presence of on equal volume of l-))er*oent. 
hydrogen peroxide a distinct acceleration of oxidation is shown down to a 
concentration of 0 0001 per cent, of feme cUonde (0*00003 per cent in total 
solution) The oxidation of hydroqumone in the presence of hydrogen peroxide 
IS accelerated by the addition of an equal volume of 0 001>per>ceut feme 
ohlonde but not perceptibly so by lesser dilutions. 

One property of an oxidase enzyme is that it may tramder oxygen from 
one labile compound to another. In the following experiment equal volumes 
of 1 -per-cent hydroqumone and of femeyamde of potassinm and hydrogen 
peroxide were mixed, and the time taken to reach a standard shade of brown 
noted The top Ime of the Table gives tlie oonoentration of the substance 
whose amount was varied The lower rows give the time in minutes required 
to carry the oxidatiem to the same stage in each case, and the figures m brackets 
are the products of the time of reaction multiplied by the oonoentration of 
the variant substance. In expenment A, to each 6 co of l-per-oent 
hydroqmnone, and of l-^per-oent. hydrogen peroxide, 5 c.o. of potssshun 
ferrioyamde of varying oonoentration were added In experiment B the 
hydrogen peroxide was in diminishing oonoentration , and in C, both the 
hydrogen peroxide and potassium fierrioyanide decreased in omiomitmtion 
eonespondingly. 
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Tho experiments show that m tbo presence ot abundance hydrogen 
peroxide an oxidase action is j’^’i'oeptible down to a conoontration of 
0001 tier cent of potassium fenioyanide (1 gnu in 100,000 cc of water), 
and that the i dative oxidase activity mcreasos with dilution down to a 
concentration of 0 005 per cent , beyond which it rapidly decreases to ml 
the limit lieing possibh set by oxtreine conditions of mass action. 

Apple Oxulw 

In regaid to the intluonoe of KI, KCl, KBr, KF, in all case's the fluoride 
acted more or leas strongly us an autiuxidase, while the othei salts foi the 
must part exercised a slight rotaidiug influence m the order given, although 
this was impcrccpUble witli the gnataoum teat The chluiule leebly and the 
bromide mure strongly accelerated the decomposition of HgOg, and also the 
oxidation of hydroquinone in tlie piosenco of UjOs. 

When in excess, all lour salts strongly retard or even prevent the browning 
of pounded apple pulp, but without destaroying the oxidase On washing 
away the excess of the salts and adding HgOf, a blue is given with guaiacum 
and the KBt pulp turns rapidly, the KCl pulp slowly, and the KF pulp very 
slowly brown Pulp pounded with 2-pOT-cent baiium chloride remains 
colourless, and after three hours, on adding ddute HsCh, a feeble evolution ot 
gas 18 shown and the pulp browns ra{ndly, but not it previously boiled If 
the pulp IS washed with water, filtered, and the residue pounded up with a 
little fresh water, it is able to aotively decompose HiOa gives a distinct blue 
with guaiaoum, aod on exposure to air slowly browns Banum cblonde, 
therefore, does not destroy the oxidase but acts as an antagomser, and 
voi. uucxvm— B. z 
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peroxide of bjdrogeu u able to partially suspend its inhibitory action. In 
the presence of bannm chlonde, apple oxidase acts as a “ peroxidase/' in its 
absence, as an oxidase 

Strong peroxide of hydrogen destroys the oxidase, and hence pieces of 
fresh palp when immersed m a strong solution of pure peroxide remain 
colourless or show a faint browning along some of tlie veins The peroxide, 
as it penetrates, destroys the oxidase in the protoplasm before it comes into 
contact witli tannic acid If the pulp is pounded with strong peroxide, the 
browning is somewhat retarded, but still take& place, since the oxidase, 
tannic acid, and peroxide are in contact simultaneously and react before 
the oxidase is destroyed Dilute peroxide accelerates the browning of 
pounded pulp 

Lead acetate appeals at first sight to be incapable of pieventing the 
browming of pounded apple pulp The pulp doikeus to yellowish or gieemsh 
brown, and even aftei 24 hours retains a distinct but enfeebled ])uwer of 
decomposing hydrogen peroxide and turning guaiacuni blue The daikening 
18, however, partly due to the precipitation of yellowish'white lead tannate 
and the retention of the power of turning blue is easily explained, for lead 
acetate itself gives a strong bine with guaiacum in the presence of hydrogen 
peroxide, and can therefore act as an oxidase Any poison which destroys 
the oxidase also removes the power of turning brown, and the pulp of apples 
turns brown when soaked in bulk in metallic poisons, because the slowness of 
penetration allows the cell to be killed and browning to occur before the 
oxidase is destroyed Barium chlonde, however, inhibits oxidation without 
destroying the oxidase ferment 

2 'he Ohromogm of the Ajiple 

In the apple the chromogen is known to be a form of tannic aoid. In 
a previous paper it was shown that tannic aoid. vacuoles appeared m the 
protoplasm of pulp cells immersed in methyl blue or feme chlonde, so that 
the assumption that the whole of the tanmc aoid was present in the cell sap 
did not appear to be oorreijt No such vacuoles could, however, be detected 
in living pulp cells, or in the protoplasm ol cells killed by heat pnor to 
staining Farther, although pulp from which most of the sap has been 
expressed turns, if anything, darker with FeCls than before, this may be 
merely because the tissue is more compacted In addition, if shoes d ]^p 
ore subjected to very strong pressure between wads of filter paper until the 
pulp 18 quite dry, on moistening with water the pulp remams colourless ot 
the veins may turn brown, and no distinct tanmc acid reactions are given 
with FeCla, KCN, or iodine and ammonia. Microsoopio examination sbewt 
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that the protoplasm is still present in the pulp cells^ and very careful testing 
shows that a trace of tannic acid may adhere to it The oolourloss pulp from 
which the sap has been removed, after {loundmg with water, gives distinct 
oxidase reactions Even after i^fieated extractions of pounded pulp with 
absolute alcohol, a httle tannic acid adheres to the pulp, which turns green 
and then brown with feme chloride, but remains colourless m an owing to 
the destruction of the oxidase by the alcohol Apparently, therefore, the 
tanmn vacuoles which may apjiear m the protoplasm are footative and are 
due to the methyl blue or feme chlonde meeting tannic acid in the d^ing 
piotoplasm They are possibly analogous in origin to the vacuolatiou which 
may be jiroducod in dying jiiotoplasm by various chemical agencies Using 
concentrated solutions of methyl blue or ferric chloride they do not a)iiH'ai 
in the surface cells but only in those at a certain deptii Evidently it is a 
condition for their formation that the cell should die slowly 

In regard to the form of tanme acid present, this is not gallotiuiuK .icid, 
but IS more closely allied t<» mangrove tannin Thus with calcium hydiatc 
it gives white turning rod and not blue As it gives green with leinc 
chloride instead of blue or hLuk, it is presumably a caU^chol yielding tanmn 
and not a pyrogallol tannin. The green given by the expressed sap oi 
pounded pulp with feme chloride rapidly changes to brown, especially li tlio 
material is neatly neutralised Pounded pulp, allowed to brown, darkens to 
almost block with FeCl* and shows no gieen colour at first, but this does not 
indicate a production of gallotannit acid by oxidation, but may be due to tho 
superposition of the two ^olouts 

If a dilute solution of gallotannic acid (0 05-0 1 per cent ) is divuled into 
three parts, A, B, C, and C is saturated with common salt, on adding an 
excess of 10-per-cent lenic chloride to B and C a gieen liquid is formed, 
whereas with a drop only of feme ohloride A gives a blue-black hquid On 
boiling, A fonns a blue-black precipitate, B forms a blown liquid, and 
C forms a green oi yellowish-greeu hquid The blue-black coloui reaction 
of gallotannic acid with feme clilonde is therefore capable of xarioiis 
modiOcations * 

Gallotaamc acid gives a blue-black precipitate with feme chlonde in the 
presence of oxalic acid If feme chlonde is added to a slight excess of 
gallotannic acid and apple sap added to the blue-black liquid, it turns green, 
just as the sap does with EeCU, but on standing the fii^t liquid takes n bluish 
tinge, while the second Wcoines brown Henc«, apparently, the diflereut 
reactions aie paitly due to ditierences lietween gallotannic acid and the 
tannic acid of apple pulp and partly to the substances which accompany tlie 
latter, but aie not entirely due to the presence of free organic acid in Ihe 

z 2 
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sap There u nevertheless a elose oorteejKmdenoe between tlie behaviour of 
gallotannio acid and of the apple greening tannin to metaUio oxidaeeB. 

Thus dilute gallotannic acid solutiofts give a turbid liquid with oopper 
sulphate, but in the presence of salt a clear bquid After one daj a pale 
brown precipitate separates out from both liquids With peroxide of 
hydrogen gallotannic acid is unaifeoted, but in the presence of copper 
sulphate, sodium chloride, and hydroxyl the gallotannic acid immediately 
develops a strong brown colour 

Clear boiled apple sap shows practically identical reactiona Colourless 
pulp pounded with oopper sulphate remams unchanged, with oopper sulphate 
and salt it develops a faint, barely perceptible, brownish tinge in the parts 
exposed to air, and with copper sulphate and hydioxyl it develops a pale 
brownish tinge, which is immediately uitensihed on adding salt Founded 
up with copjier sulphate, salt, and hydroxyl, Ixiiled apple pulp is browned as 
deeply or almost as deeply as by the full action of the natural oxidase, 
whereas potato pulp is unaffected 

Tfte Chromogm of th* Potato 

The chroinogen of the potato appears to be not a tannin compound, but 
some substance related to tyrosin Freshly pulped potatoes acquire a 
purplish-brown tinge m air, removed by washing and squeezing and 
retnmiqg to a less and less extent with each wasfamg on standing. The 
chromogeii apyiears to be dissolved m the cell sap and the product of 
oxidation to be soluble in water In the apple when the tannin is oxidieed 
inside the cell, it is rapidly absorbed and jiermanently retained by the 
protoplasm. 

No distinct traces of taiinio acid can be detected in resting potatoes by 
feme chloride oi other tests In 10-per-cent, sodium hydrate, potato pulp 
becomes transparent but remains practically ooIoutIosb 
If tyrosine is added to fresh potato pulp, or to a diluted glycerine extract, 
a puiplish-brown colour is given more rapidly and deeply. This colour u 
also soluble in water, and hence presumably the chromogen is tyrosin 
Boiled potato pulp or sap remains colourless. Cubes of pulp treated 
with absolute alcohol remain oolourless both in air and in water. The 
dcoholic extract is pale yellow, and has no oxidase properties If evaporated 
wmo and water and a glycenne exteaot of oxidase added no change of 
colour occurs. Treatment with absolute alcohol seems, tiberefors, to eithn 
destroy or precipitate both oxidase and chromogen. If the pulp iron 
akoholio extraction is pounded with water and a glycerine extract of oxidoMr 
jMlded the pulp rsmains almost colourless hut the supernatant liquid tame 
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porplish-brown Hence the < chromogen after precipitation absolute 
alcohol can be dissolved Again in water The expressed sap from potatoes 
turns black in a da; If boiled, treated with HCl or absolute alcohol a 
dirty white or giey precipitate is thrown down, and in the case of the 
absolute alcohol the sufiernatant liqnid is colourless and devoid of both 
chromogen and oxidase 

Potato limdaae 

Potassium ohlonde and bionude feebly and potassium fluonde stiongly 
retard its oxidase action on ursol tartrate and HjOa, on hydroqnmone and 
HgOj, and on pyrogallol and tyrosin. The addition ot S-per-ceiit lead 
acetate to the glyoerme extract thiows down a bulky white picoipiiate uhuh 
gives no blue with guaiaciim, but shows au active power of det ouiposing H/Jj, 
and in the presence of the lattei gives a distinct blue with guauicuiu Lead 
aoetate itself, however, gives a perovule reaction with guaiacnm Potato 
oxidase by itself is unable to oxidise tannic acid even in the presence ot 
HjOs, but if a little neutral solution of sodium phosphate is added, the liquid 
turns slowly pale blown in the absence of HjOj, and more lapidly a daikei 
brown m its preseuoe 

Potato oxidase is peouliai in the loadiness with which it oxidises tyrosm, 
which most metallic oxidases only oxidise slowly and usually only in the 
presence of HjOs Possibly this pecuharity is due to the presence ol a 
specific sensitiser m the potato Fotassinm phosphate appears to act as 
a feeble sensitiser to the oxidase action of potassium femcyanide on tyrosm, 
but the nature of the sensitiser in the potato is doubtful That such may 
be present is indicated by the fact that potato extracts may sometimes be 
obtained apparently capriciously, which while still reacting strongly to 
guataoum only react feebly to tyrosm and conversel}. This is particularly 
the case when partially sprouted tubers axe used and fractional extractions 
mode 

The Jlki'ractmi of the Oxadaune, 

^ The oxidase of the potato is either more active or woie abundant than 
that of the apple, whereas the ohromogen of the apple is more abimdant 
than that of the potato Absolute aloi^ol not only does not extract the 
oxidase but destroys it, bat if the pulp of the apple or the potato is pounded 
yrith pure ({lycerme and filtered, the filtrate shows stioug oxidase properties 
Glycerine also extraote some of the chroxnogen in each case, and hence it 
dilated with , water and exposed to air it darkens rapidly If the glycerine 
extract is ocnoentrated by soaking cubes of material in glycerine, and then 
IKHUiding up with a little fresh glycerine, it is obtained as a dear yellowish 
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hqaid which may remam colourless and n^y show a strong power of 
decomposing HsOs and turning guaiacum blue for a month or more at 
12-14° C The glycerine extract of the apple if halt diluted with water 
turns brown, and shows famt oxidase reactions aftei 10 days and none 
aftei 15 days The process of browning may weaken the oxidase in the 
same way that it is weakened, and finally destroy e«l, by decomposing an excess 
of hydrogen peroxide 

The addition of a little of the glycerine extract to tlie sap from potato 
cubes just killed by heat causes the ptmluctiun of a purplish-brown colour, 
whereas the same amount of extract added to pnie watei pioduces no distinct 
change of colour 

When pulp is pounded with glycerine filtetiiig is difficult and 
prolonged The best mode of obtaining the oxidase extract is by cutting 
the pulp into minute cubes or tbiu slices, and placing these m glyceiine for 
five minutes, then pouripg off the now diluted glycerine and replacing by 
fresh glycerine In this they may soak for 1-2 days The glyoenne oan 
then be strained olf, and, if not diluted with watei, keeps without dis- 
colouring 

If potato pul]) 18 left m contact with glycerine it discolours on the 
exposed surface in a few days, but, if well covered by glycerine, remains 
uncoloumd Pounded pulp repeatedly extracted with an excess of glycerine 
for three weeks and thoroughly washeil with water remains colourless on 
exposuie to air, after the addition of fresh glycerine extract Hence the 
glycerine and water can extract the whole of the chromogen from the pulp 

Nevertlieless, the oxidase appears to oling with some tenacity to proteids 
of the cell. Thus pounded potato pulp was allowed to brown, and then 
washed till quite colourless, and the washing continued for an hour On 
testing the pulp it still decomposed hydrogen peroxide energetically and 
gave oxidase reactions, while another portion remained colourless after the 
addition of fresh glycerine extract. Evidently the chiomogen is easily 
removed bj washing, but not the oxidase Neiertheless, the latter is soluble 
in water, for the clear filtrate from pulp pounded with water shows distinot, 
though not very strong, oxidase reactions. 

The glycenno extract of apple pulp shows feebler oxidase properttes than 
that of the potato, and, when diluted, slowly turns reddish-brown on 
exposure to aii 

A simple mode of rapidly obtaining an extract of potato oxidase free, 
neatly free, from tbe ohromogen is to pound up to a paste, waali wii^ 
Wter, remove the pulp with a strainer, leaving the etairoh befamd. 
Squuese out the excess of water, pound up with fresh water, settie «nd 
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decant and filter the clear liquid In this way a strong watery extract can 
be obtained suitable for immediate use, and practically free from the 
chromogen The oxidases of all the plants exanimed appeal to bo soluble 
m water, or, at least, to pass through a filter ][»aper By half saturation witli 
alcohol they can be precipitated, jxissibly chngiiig to i>reci}>itated pioteids, 
but with excess of alcohol are attenuated and finally destroyed 

The IM'nimtum of tlu Ox^tdn^ Hu UeU 

Rapidly expressed and filtered apple 8ax> does not decomjxifle hydiogen 
peroxide, and gives no blue with guaiacum Liitei filtrates, when the odd 
pulp cells on the filter pai)er become brownish, show a very feeble decom- 
position of HaOa, and give a faint blue with guaiacum on long standing 

If fragments of fresh pulp crushed between filter pajier till dry are added 
to colourless apple sap. the latter only becomes brownish-yellow after throe 
days, and the foiiner biowus distinctly, whereas m water it remains }»rac- 
tically colourless. 

Apparently, therefore, the oxidase is in the protoplasm, and not in the cell . 
sap and the browning is more readily pioduced when the tannic acid is inside 
the cell than when it is outside 

In the case of the potato the expressed sap, liowevoi obtained, rapidly 
discolours in air, and contains both oxidase and chiomogen If, however, 
slices of fresh potato are immoised in colourless apple sap (filtered and 
boiled), they slowly tuin deep brown The brown colour is on the surface 
la>ei*8, and is mainly ui the protoplasm, which darkens stiongly, and the 
cell- walls sbghtly, on adding feme chloride The tannio acid of the apple 
sap and tlie oxidase of the potato meet mainly ui the protoplasm of the 
latter, and the sap outside is only slightly discoloured, and, if plenty of 
potato IB used, contains much less tannic acid Potato oxidase will therefore 
oxidise apple tanum, but much more slowly than ap])le oxidase and 

It appears to be located m the protoplasm of the potato cells. Possibly the 
potato oxidase may be aided by the less soluble phosphates retained by the 
potato cells, or may work better in a less acid medium * At least, if the 
apple sap is nearly neutralised by the addition of dilute ammonia, the browning 
of the potato slices in apple sap is slightly accelerated, and these bocofiie 
very dark or black on the addition of feme chloride On the other hand, if an 
excess of apple sap is used, the browned potato pulp loses its oxidase iiroperties, 
and, as the liquid gams none, the oxidase has evidently been destroyed. 

^ According to Hunger (*Ball d D. Bot. Gesell voL 19, p. 374 (1801)), tannins and 
glucose often maidc the presence of an oxidase or prevent its action* This certainly does 
not apply m the case of the apple. * 
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Cahii/r and (hndase AcHon 

Owing to their Btnkmg cliaracter moBt attention has been directed to those 
oxidase reactions which are accompanied by a production of colour The 
parsnip and carrot have fairly strong oxidases in their ooitex, phloem and 
cambium, but the former has no chromogeu, the latter none oxidieung further 
on death The most important oxidase reactions arc in fact probably those 
unaccompanied by any colour change, and in some oases coloured Iwdies may 
be rendered colourless by oxniase action 

Thus a hving shoe of potato stained with a watery solution of gentian 
violet becomes slowly paler when kept moist in air The extracted oxidase 
of potato slowly partially decolorises gentian violet, and the action is 
hastt^ned by the addition of small quantities of IlaOa Gentian violet may 
be heated with HaOj without being decolonsed but u a drop of a mixture of 
CUSO 4 and sTKlium 01 potassium chloride is added to the hot liquid, the 
latter rapidly lieoomes colourless 

Copper suljdiate alone is much less effective Snmlai results are given by 
eoain, indigo carmine* and methyl blue (pale purplish) but at temperatures 
below 50^ C , which ik the highest to whioh organic oxidases can be raised 
with safety, the reductions by the metalUc oxidase are very muck slower 
tlian at 95® 0 to 100® C Further, in the case of organic oxidases, dilute 
solutions must l )0 used so as to avoid poisonuig the oxidase Even then only 
partial decolorisation is shown and this is often dithcult to distinguish from 
effects due to absorption Using a strongly oxidase diastase a faint 
decolorisation was shown m the presence of hydrogen peroxide with dilute 
solutions of methyl blue and eosiu but none with gentian violet or mdigo 
blue with or without peroxide of hydrogen * 

Smee oopjier sulphate and salt can decolorise indigo carmme, an oxidase 
can also act as a reducing agent in the presence of an excess of hydrogen 
peroxide, particularly at high temperatures 

The TJestmctuni 0 / Qandase hy Seat. 

Although oxidases are not necessanly proteins, cell oxidases seem to 
adhere closely to proteins, and it is jKiasible that it is the coagulation of the 
latter by heat that renders the oxidases inactive Thetr destruction by 
absolute alcohol might arise in the same way 

The glyoerme extracts of both apple and potato develop coagulated 
particles on boiling, at the same time that they lose their oxidase properties. 

* Prolw^ boiling with sxosss of HjO, partially reduces mdigo Carmine to ahrown 
or greenish-brown liquid 
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If A dilate solution of copper sulphate and sidt is nuxed thoroag^y with an 
excess of egg albumin, a greenish-white precipitate is formed, bat the liquid 
will still give a strong bine with guaiacum. After boihng, the filtrate gives 
no blue with guaiacum, and the coagnlum gives a greenish colour only 
Boiling with coagulable prnteid would apparently in this case practically 
destroy the “oxidase" reactions of copper sulphate and salt, and would 
entirely remove the oxidase from its solution m water 

Whei-o, however, a cell oxidase is a metalhc salt not combined with or 
associated with proteins, the oxidase properties may be retained after boiling 
Instances ot these are already Unown,* and where boihng removes the direct 
oxidase action of an extract but thin returns slowly after coohng, this may be 
due to the conversion of a “ per ” salt into a “ proto " salt or vier oersd 
Further, a solution of potassium ferrocyamde on standing in light develops 
traces of femcyanide and then becomes able to give a direct blue with 
guaiacum 

77if Mtsidaivi of Oxulancty to Drtfinif and Kt‘fptng 

According to Moore and Whitley (fc), apple and oarrot giaUngs dried at 
45'^ C for eight and three days respectively lost all their oxidase Potato pulp 
was ground up, the excess moisture pressed off and the pulp spread in thm 
layers to dry in air at 15° C This formed a grey jwwdei when groimd It 
decomposed HaOj model ateiy actively, nuxed with water gave a very taint 
blue with guaiacum, with uraol tartrate and UaOy the liquid darkened slowly 
to brown and ultimately purplish Drying makes the oxidase cling firmly to 
the proteids of the pulp These pro^ierties were shown by the powder even 
when three months old Similarly mere drying did not destroy the oxidase 
in apple pulp from which the sap had been piessed out before pounding and 
dryix^{, and the properties were retained umqjured for over three weeks in 
the dry condition Moore and Whitley’s results may have been due to the 
nonsremoval of the sap or to the higher temperature used 

Even in solution oxidases may retain their properties for a long time. The 
glyomrine extract of potato oxidase, cohered, 'but in contact with air, darkened 
slowly at 18-15° 0, gave alter two months a distinot reaction withgoaiaoum, 
a slow ohauge through brown to purple with guaiacnm, a slow change through 
brown with ursol tartrate^ and a moderately active decomposition of HsOs. 
At three months it gave no blue witb guaiacum alone, a faint blue with 
guaiacum Sndsalt, stronger with guaiacum emd HtOa> and very alow Imiwning 
with salt and unol taftrate, stronger with HaO*. At four months it gave a 
bint blue with guesaonm and HjOs and a moderately active decomposition of 


* Sss LtfSr, ‘ TMflmudia Myedogie,’ vol 1, p 676 (1607). 
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HflOs. but no other oxidaee reaction At five months it produced a weak 
decomposition of HsOa but no other oxidase reaction At the eighth month 
the decomposition of H^Oa became practically imperceptible. In this case, 
gradual attenuation, the same oxidase became first a peroxidase " and 
finally a pure katalose 

PaiapUmylnu'diamim 7W pfi Oicidant 

As is well known, this substance forms an exceedingl} sensitive test lor 
oxidases, and goes through a remarkable senes of colour changes under 
their action The full senes of colour changes is green, then blue, then 
brown, then violet, daikenmg, and in strong solutions forming a black 
precipitate, but according to circumstances, or if the oxidase action is very 
intense or very feeble, one oi more of these changes may be omitted oi 
modified The chief objections to the reagent aie the readiness with which 
decomposition or oxidation lakes place naturally and its excessive sensitivity 
Qruss* recommends the use of the tartrate of paraphenylenediamme (ursol 
tartiate) This dissolves readily in water, and a pinch of the dry salt can 
be dissolved in water for each test Any colour change m the clear solution 
IS readily perceptible and there is no alcohol present to interfere with the 
mction Furtlier the dry tartrate keeps indefinitely. It is, however, not so 
sensitive and responds more slowly. On the other hand, it will often give 
a full colour senes, where the alcobohe solution of paraphenylenediamme 
gives a single colour change only, which, when slow, may be confused with 
its natural slow daikcning on exposure to oir 

Neither alcoholic parayihenylenedxanune nor the tartrate respond to all 
oxidising agents. Thus ^nitric acid appears if anything to exorcise a 
reducing rathei than an oxidising action It does not produce any colour 
•se<iueuce, and if a little dilute nitric acid is added to potato pulp turned 
green or blue by ursol tartrate and peroxide of hydrogen, the pulp imme- 
diately becomes pale in colour 

The reactions with those metallic salts capable of turning guaiaoum blue 
are of interest. 

Sliver nitrate forms a grey precipitate, elowly darkening, with alcoholic 
paraphenylenediamme, but m the presence of hydrogen peroxide Ihe coUm* 
sequence, green, brown, ruby, violet u given, and the same » given with 
silver nitrate and ursol tartrate, whereas in the presence of hydrogen peroxide 
the change is from green to brown only Feme (boride gives the full colour 
sequence (green, brown, violet, or purple) with alooholio pai^ihenyleneduuniiw. 


* 'Blologie der Ensyme,* IWl 
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l 9 ut In the presence of hydrogen peroxide gives a reddish-brown at once. 
With the watery solution of the tartrate the colour sequence is also given. 
The presence of free mtiu', snlphunc, hydroohlotic, citnc, or tartanc acids 
prevents 01 delays the production of an oxidation colour sequence with 
ferric chloride, but this takes place readily in the presence of 1 0 per cent 
oxalic acid With soluble copper salts (sulphate, acetate, chloride), alcoholic 
paraphenylenediauime daiketis directly without allowing any colour sequence, 
but if the solutious are dilute, and salt and hydrogen peroxide are present, a 
partial colour sequence from brown to violet 01 purple is shown 

With the watery solution of ursol tartrate no colour change is giveq with 
-copper acetate, sulphate, or chloride 111 the presence or absence of sodium 
chjoride With the sulphate and acetato an apparent culoni '•equeuce of 
green to brown is given on the addition of hydrogen peroxule, hut this is 
partly due to the fact that the peroxide gives a greenish eolour with copper, 
■and ursol tartrate slowly biowns in the presence of hydrogen peroxide 
With copper chloride, however, a violet or pufple tinge ultimately appears, 
■and a full colour sequence (green, brown, violet, or purple) is given with 
eopper sulphate and copper acetate in the presence of salt and hydrogen 
peroxide, if, howevei, the solutions aie very dilute the colour change is 
slow, and is direct to brown 

Gruss* suggests tiiat the direct oxidation to brown is due to molecular 
oxygen, and that the colour sequence is the result of the action of atomic 
oxygen The data given above, however, yield no support to this view 
The colours produced seem to depend to some extent upon the relative 
degrees of dilution and intensity of action Colour may lie intramoleenlar 
or extramoleoulor, % « due to the absorption or modification of light rays at 
the surfaces of molecules or of molecular aggregates In the latter case if 
the peculiar aggregation is broken up when the material is m solution the 
colour may disappeai 01 be uiodifiod It is quite possible that the colour 
eeqaenoe with paraphenylenodiainme is the result of temporary moleculai 
aggregations dunng the process of oxidation which leaot dilTeiently to light 
Tsys, and whose production depends more upon relative mass action than 
upon any other factor, this determining molecular aggregations of material in 
vanous stages of oxidation 

VfMl Tartrate Tett for Zigntn 

Thu delicate and striking reaction is liest ebown with boiled or dead 
tittues by placing them m the watery solution It is a reaction comparable 
with the phloroglnom test, and is shown in the absence of free ovygen, acid, 

* Im ef<, pk 11 
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ot hijhfc The coloar given is brown or brownuih red It pioka eat tiie 
wood veaaels in a alioe of boiled potato or carrot m browmah red without 
affecting the other tiasuea The bundlea or vaacular network on the inner 
surface of orange oi lemon peel aio coloured br^;ht red on a white ground, 
looking like blood vessels injected with carmine Oonifet wood or a match 
alao colours bright red As a direct test, it is aimpler to apply than any 
other lignin test, and tlie colour is confined to the walla of the veaaels or 
tracheides In testing tissues for oxidase this reaction must be home in 
imnd 

The Actvm of Pa/raplieaylenedtnmine on the Oxtdasea of Apple Sap and Potato 

Apple pulp turns violet, iii a few miuntes rapidly darkening to blue, with 
alcoholic paraphenylenediamine in the absence as well as in the presence of 
peroxide of hydrogen In the former ease the blue colour remains permanent 
for an indehmte length of time, whereas in the presence of peroxide of 
hydrogen the oxirlatiou is ultimately completed to a dark brown or black 

Potato pulp remains coloui less with alcoholic paraphenylenediamine for one 
or more hours, but on long standing Uie liquid acquires a brown colour, 
tinged with violet, and the pulp a weak hut distinct violet tuige In the 
presence of peroxide of hydrogen a violet colour is rapidly produced, but 
changes to brown in the presence of an excess of peroxide of hydrogen. 

Using a watery solution of ursol tartrate, apple pulp develops a violet or 
blue colour in the absence and presence of peroxide of hydrogen, appearing 
first m the veins and persisting ioi a long tune With potato pulp and m 
the presence of peroxide of hydrogen a green oolonr is shown passing- 
through blue rapidly to a slate ooloor In the absenoe of peroxide of 
hydrogen potato pulp remains colourless, gradually acquiring a slij^it brown 
colour m two days, but with no signs of any coloar sequence, and the 
brown is hardly stronger than that produced in pieces of boded egg albomin 
used as a control. In all cases no colour sequences were produced by Ixdled 
apple 01 potato pulp. In needing hydrogen peroxide to produce a odour 
sequence with ursol tartrate, potato oxidaae therefore resembles o(^q>er 
sulphate and salt, and, similarly, both the vegetable oxidase and the metalhe 
oxidase give a blue odour with goaiaoum m the absenoe of hydrogen peroxida. 
That IB they are oxidases to guaiacum , " peroxidases’* to ursol tartrate 

On the other hand, apple oxidase resembles feme ddonde m its ability to 
produce oxidase colour changes with both nrsol tartrate and giuuaeum hi the 
absence of hydrogen peroxide 
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The Potamum lodtdr and Starch Ted for (heuUue tn Living Tiemee 

Moore and Whttley consider that where a plant extract gives a blue with 
guaiacuni without the addition of hydrogen peroxide hemg necessary, this is 
due to the production of peroxides by the dying protoplasm during extraction 
or ^0 their presence in the guaiacum solution. If HsOi is added to a solution 
of potassium iodide, iodine is liberated and gives the usual blue with starch 
On applying potassiuin iodide to the freshly out surf^ of a potato a blue is 
also slowly formed, as well as with the out surface of an apple or carrot 
smeared with starch Bach and Ohodat* consider this to prove that the livmg 
cells develop peroxides If, however, the material is pounded to a fine pulp 
and potassium iodide applied to the surface no liberation of iodine takes plaee, 
and yet in freshly pounded pulp any jieroxides produced by drying cells should 
be more abundant than m a freshly cut surface Farther, the pounded pulp 
gives a strong blue with guaiacum without the addition of hydrogen peroxide 
being necessary With strong potassium iodide, pounded pulp browns, and 
the starch grams swell but lemain uncoloured, although staimng readily when 
free iodine or when hydrogen peroxide is added As a matter of fact the 
liberation of iodine from potassium iodide appears to be due to the oxidase 
present in the tissues used If a slice is boiled and a fresh surface cut no 
liberation of iodine is shown Actual tests showed that slices soaked in 
hydrogen peroxide contained some of the latter undeoomposed after again 
boiling 

Certain metallic oxidases such as feme cblonde, black oxide of manganese 
and potRBBium ferricyanide will also libeiate iodine in a solution of potassium 
iodide Uydriodic acid is a substance which readily undergoes oxidation with 
a production of free iodine, and dilute hydrochlono acid liberates free iodine 
at the surface of a solution of potasnnm iodide, giving a blue colour in the 
presence of starch. Bach and Chodatf have shown that the oxidases m the 
sap of plants can decompose hydriodio acid, although Aao} considers this action 
to be due to the presence of nitrates or nitric acid The solution of potassium 
mdide we may suppose to contain in addition to ions and nndissooiated 
molecules of KI also KHO and HI The latter would be liable to oxidation 
by organic oxidases when applied on one side of a semipeimeable membi'ane. 
The action u naturally favoured by the presence of free amd, and » only shown 
by tissues rioh m oxidase. The apple, potato and carrot, which are all aoid, 
give the change readily and the iodine is liberated first over the parts nch m 

* * li»> d. D Olism GeMll vol 30, p S4M and p. 3943 (190SX 
f ' Bet' d B Chem QsmU vol. 37, p. 30 (1904) 
t <BuU. Coll Agrio Tokio, vol. B, p 401 (1903X 
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oxidase, such as the phloem and cortex ot the carrot, the veins of the apple atai 
potato A potato kept until the tuber was watery but still acid, and in which 
the oxidase hod nearly disappeared, showed no power of liberating iodine 
from potassium iodide 

The cut surface of the parsnip is neutral or feeblv alkaline and, although 
rich in oxidase, a cut surface shows only a feeble power of liberating iodine 
from potassium iodide over the phloem ring and outer cortex after many hours' 
exposure to air The acid pulp of the orange and lemon, which contains no 
oxidases, is unable to produce any liberation of iodine, nor does the wood 
cylinder of the carrot, which is usually more acid than the cortex but contams 
hardly any oxidase 

This acuuii IS evidently due to the oxidase and not to the fiee acid 
The extracted oxidase, liowevei , like pounded pulp is unable to produce any 
liberation of free iodine from potassium when tested iii the usual way 
Possibly l>lns is because any iodine liberated would at once attack and 
destroy the plant oxidase where thib was in immediate contact with 
potassium iodide Free iodine does actually destroy potato oxidase Hence 
to pioduce any progressive liberation of iodine sulhcient to stain the starch 
the oxidase and potassium lodnle would need to bo separated by a semi- 
perineable or colloidal membrane, such as is formed by the cell walls on the 
cut surface 

If pound(>d potato pulp or hlter paper pulp saturated with a glyoenne 
extract of oxidase is coveted by a layer of gelatine eon taming starch or of 
starch paste, and a little potassium iodide poured on top when the colloid 
layer has set, aftei one day a more or less prominent violet line appears on 
or close to the pulp Apparently the oxidase is only able to liberate iodine 
from potassium iodide when the latter difhues slowly to it, and this is 
possibly a question of relative mass action and osmotic separation. 

In any case the liberation of iodine from potassium iodide on the (wt 
surface of a living tissue can be used as a confirmatory test for the presence 
of an oxidase It does not indicate the presence of hydrogen peroxide or of 
any special " lodoxtdase ” 

TAf Ivfiwenon oj A lueMhHta on Oxviim Aehm 

AfAcr— Small cubes of potato soaked in saturated ether water for a day 
and then exposed to air darkened distmctiy Pulp tntnrated with et h er 
darkened slightly, and gave strong oxidase reactions and decomposed HfO» 
The clear ether extract had no oxidase properties. Apple pulp pounded 
with excess of ether turns a deep brown, but a little mow' dowly m 
the absence of ether The ether extract is yellow, not owing to but 
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to etiolin The pulp gives strong oxidase reaotionB, but only decomposes 
HyOa feebly or not at all If allowed to dry in the air the oxidase reactions 
are feebler, but the decomposition of a little more active If the 

potato pulp ground up with ether is left in contact with it and tested at 
hourly intervals, it ceases to give distinct oxidase reactions m the following 
ordor — TJrsul tartrate and HsOs, guaiacum, ursol and HjOy, gnaiacum and 
HgOj, decomposition of H3O3 Hence a substance which is at first a 
“ peroxidase,” an oxidase and a “ katalase,” as it is attenuated, becomes a 
" peroxidase ” and “ katalase,” and finally a “ katalase ” only 

Ghlnroform — rApple pulp pounded with an excess of chloroform turns a 
yellowish-brown, deepening slowly on exposure to air The pulp does not 
decompose HtOg , it gives feeble or doubtful oxidase reactions, which m the 
case of giiuiaoum are rendered more distinct by the addition of H/)2, but not 
in those of ursol or its tartrate If the chloroformed pulp is dried in an 
and powdered up, it regains a weak power of decomposing HjOa, and shows 
stronger but still feeble oxidase reactions Potato pulp triturated thoroughly 
with excess of chloroform, after the latter had been allowed to evaporate, 
gave no oxidase reactions with ursol or with the tartrate and HjOa, a pale 
blue with guaiacum on standing, given at once in the presence of HjOa, and 
produced a very feeble decomposition of HaO» The ohlorofoim apparently 
attenuates or letards oxidase action much more than ethei does 
Neither ohlorofoim nor ether inhibits the action of metallic oxidases such 
as copper sulphate and salt, ferric chlonde, black oxide of manganese, 
potassium permanganate, 01 potassium ferncyamde, but in certain cases 
chloroform retards oi inhibits the decomposition of hydrogen peroxide 
Thus if a mixture of copper suliihote and salt is shaken np with an excess of 
chloroform a tempoiary preoipitation him like an exaggeiated surface tension 
film forms on the surface of the chloroform, and on adding HsOs an 
occasional large bubble may form beneath this him, liftmg it up hke a skin,, 
but in the liquid above no decomposition of the HaOj takes place If, 
however, the chloroform is removed by evaporation or the liquid warmed 
to start the decomposition it continues indefinitely Chloroform iteeU doe» 
not decompose H| 0 «, and saturation with ether slightly lesseus the decom- 
position without arrcBtiug it. Similar results were given with feme chlonde,. 
except that the action of the ether is stronger, and if the ether or chloroform 
IS removed by boiling the liquid beoomes tedduh-brown and loses the power 
of decomposing H|Os, whereas if removed by evaporation at a low tempera- 
turo the power of decomposing fresh hydrogen peroxide is regained 
Chloroform ad<^ed to potassium ferrooyantde and HsOt merely changes a 
rspid stream of small bubbles into a slow stream of occasional larger 
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bubbles, and still less influence was exeioiaed npon the decomposition 
produced by potassuitn permanganate and black oxide of manganese, 
although in the lattet case some remarkable surface tenuou effects were 
exercised 

Hydrogen peroxide is readily soluble m other, which will in fact remove it 
from a watery solution It is only s^iaringly soluble in, chloroform, foi, 
although the ohloioform solution will not give anv blue with cliiomio acid, it 
gives a feeble reaction with a i^ateiy solution of staroli and potassium 
iodide 01 with ferrous sulphate Chloroform “jirevents the ether 'Chroiuic 
acid reaction forhydiogen peroxide hoing given hut not bydestroxing the 
hydrogen peroxide In fact the hydrogen peroxide can be shaken with 
chloroform and the latter then boiled off without the former being destroyed 
The letaidmg action on |>eioxide decomposition piiKluced by other mifi^t 
depend ufxm whetlier the “ kutalase ” salt (hssolves in it as well as m water, 
since otherwise the hydrogen peroxide might bo removed from katalase 
action except at the contact surface In the case of chloroform any bubbles 
produced form mainly below the surface tension film, although both hydrogen 
peroxide and the katalase salt may lie present in abundance in the bqmd 
above The chloroform apparently acts as an “ ancesthetto ” to “katalase" 
chemical action 

T/u Ondaufi of the Lomov, and Oravgt 

According to Moore and Whitley there are no “ pei oxidases ’’ m the pulp 
or riud of these fruits This is baldly the oaso, as no allowance was made 
foi the effect of the acid ui the pulp or of the oils m the skin Quarters of 
the pulp were squeezed dry in a press between blotting paper, and oolleeted 
until a snlflcienoy of clean material free from acid was obtained This gave 
no reaction with uuaisoum alone and none with ursol tartrate except that the 
fragments of the trachea; coloured brownish-red On adding a drop of 
peroxide of hydrogen a pale but distinct blue was given with gnaiaonm and 
a slow change to violet with ursol tartrate The pounded pulp does ndt 
decompose hydrogen peroxide appreciably On dissecting out the vasonlar 
bundles and applying ursol tartrate and peroxide of hydrogen, all the veins 
right down to the stalks of the endooarpal hairs turned green, then brown, 
then violet, hut no other parts They also showed a feeble power of deoom* 
posing H,Oj After soaking in orange or lemon juice for some hours or aftet 
boiling no oxidase reaction was given but the walls of the traohem gaye 
a bright red lignm reaction, makmg the bundles look hke blood-vessels 
iqjeotod with carmine 
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The OxvdoM of the Carrot 

Aoootdu^ to Moore and Whitley the " peioxidafle ” of the carrot u moet 
abundant in the protoxylem They were either muled by the lignm 
reaction at mistook the central wood cylinder of the carrot for pith. With 
both guaiacum and ursol tartrate m the presence of HtOt the oxidase reaction 
18 given first in the cambium, cambium segments and phloem The central 
wood cylinder is the last part to show any true oxidase reaction All parts 
decompose HjOa, and in ursol tartrate alone a green colour slowly appears 
along the line of the cambium, while the vessels in the wood withm colour 
reddish-brown The latter colour appears m a boiled section but not the 
former We are evidently dealing with a somewhat weak oxidase, most 
abundant in the cambium and phloem, next in the outer cortex and least of 
all m the central wood cylinder 

According to Moore and Whitley the cut surface of a carrot rapidly 
develops peroxides and will then give a blue with guaiaoum without any 
addition of HjOj It is difficult to see how thu explanation can apply to 
a tissue hke that of a carrot which rapidly decomposes peroxides, or at least 
peroxide of hydrogen, or to a section of carrot immersed m a large quantity 
of a wateiy solution of ursol tartrate, in which the reaction u slowly given 
by the uncut cells beneath the surface, and where any peroxides formed in 
the uninjured cells would be washed away Actual tests failed to detect any 
peroxide of hydrogen in livuig or dead canot tissue 

The Omdaee of Bed Beetiool, 

In spite of Its red colour the expressed sap of (die beetroot shows a strong 
reaction with guaiaoum, but is difiBcult to use with other oxidants. Hence the 
sap was squeezed out, the pulp washed, the excess of water squeezed out, and the 
residue pounded with glycerine, the first pwtum of which was thrown away 
In this way a pale pink strongly active oxidase was obtamed, which closely 
resembled potato oxidase. It reacted to goaiacam and tyroam m the absence, 
but to unol tartrate only in the presence, of hydrogen peroxide It has no 
action on tannioaoid by itself and only a feeble one in the presence of sodium 
pfaoaphate It has a weaker power of decomposing hydrogen peroxide than 
potato oxidase and the peroxide appears to mhibit its action on pyrogallol, 
but acts as a aensitiser in the case of ursol tartrate. 

The pounded pulp reacts strongly and rapidly to ursol tartrate in the 
presence of hydrogen peroxide but only dowly and faintly or not at all in its 
absence. Keither the pulp nor the mcpreesed sap appears to oontam any 
peroeptible amount of ohromogen capable of oxidation. 

TOL. LXZXTXn.— B. ' 2 A 
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Aooording to Bertrand* the sugar-beet oontainB an exidaae capaUe of 
oxidising tyrosin which he terms "tyrosinase,” and this, aocmiding to 
Oonnermann.t oxidases tyrosin to homogentiBinic amd, which darkens rapidly 
by direct oxidation to red, brown, or black. In the red beet the amount of 
tyrosm present appears to be too small to appreciably affect the neutral red 
colour It may undergo oxidation, while the plant is hving, and hence be 
unable to accumulate 

Th4 Ozidaae of the Parmtp 

The }>arsnip differs from all the other v^tables used, in that a cut surface 
IS neutral or faintly alkaline mstead of acid, and it resembles the carrot m 
containing no chromogen oxidising on death. Neither carrot nor parsnip 
oxidase will directly brown boiled potato or api>le pulp, but if a httle sodium 
phosphate and HsOa is added, they will cause tannic acid, apple pulp and 
apple juice to brown distinctly and with fair rapidity 

In both carrot and parsnip the oxidase is mamly present in the phloem and 
outer cortex, and that of the carrot appears to be a httle more abundant 
Hence of similarly prepared watery or glycerine extracts the former is a little 
more active tlian the latter 
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Both ursol tartrate and hydroipnnone when applied to a cut surface of a 
carrot or jiarsnip show signs of oxidation particularly over the phloem 
This is probably because the oxygen is nuure concentrated at the surface and 
also a greater mass action is exercised upon the inwardly ditBiaing 
No assumption of the production of peroxides m the tissue is Booeasaiy to 
explain the action. The addition of magnesium sulidiate or of potaastota 

* ' Bwtnmd, *Compt. Bend.,* vol 1S8, p. ISIS 
t Oonnenuim, *Pfttgar’f Arohiv,’ voL M, p. SSS (1000) 
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jhiospiutto to canot or parsnip oxidase causes it to give a faint tnoe of 
browning in one day with tanmo acid which is not increased by the addition 
of hydrogen peroxide None of the other salts which could be made up from 
the ash constituents (excluding iron salts) exerted any sensitising oxidase 
action The oxidase of the beetroot and potato appear to belong to one class 
(betase, potatase, dabliase, russulase), those of the carrot and parsnip to 
another, while the citief pecuhanty of apple oxidase, namely, the readiness 
with which it oxidises tannic acid, appears to be due to tlie presence of a 
sensitiser such as potassium phosphate Apple oxidase appears to have some 
resemblance to a weak form of laooase which is also able to oxidise tannic 
acid 

Summary 

Plant oxidases fonn a class of substances of great importance in plant 
metabolism, but which are known merely by the reactions they cause, and 
whose exact nature is quite unknown 

According to Bach and Ohodat they form three distinot classes of ferments 
namely — 

(1) Oxygenases, substances which absorb molecular oxygen fommg per- 
oxides 

(2) Peroxides, which increase the oxidising power of peroxides and can 
only act in their presence 

(3) Katalases, which destroy peioxides with an evolution dt oxygen. 

It has long been known that certain of the reactions supposed to 
characterise oxidase ferments could be produced by certain morganic metallic 
salts * As the result of the detailed investigation of the oxidase action of 
various metallic salts of copper, iron, chromium, manganese, lead, etc , upon 
guaiaonm, paraphenylenediamine, hydroquinone, pyrogallol.gallio acid, tannic 
acid, and tyrosui, the conclusion has been formed that the correspondence 
between the action of oiganic and of inoigamo oxidases is extremely close 
It was also found that the oxidase action of a metallic salt vanes according 
to its acid combination, and that lu the case of certain salts, such as sodium 
or potassium ferrocyanide, temcyanide, phosphate, or chromate, the oxidase 
action Was due to the acid and not to the basa In addition, oxidase aotiou 
may be aocelerated in the prosenoe of senaitisers such as the ohlondes or 
phosphates of soiHum or potassium, or retarded or prevented by a variety of 
nniagonisers, The addition of a sensitiser may cause a "peroxidase’' to act 
111 the absence of hydrogen peroxide. This applies to both organic and 
inorganic oxidases, and determinations of the minimal amounts of metallic 

* Bertrand, 'Oompt. Bend voL 18^ p 1088 (1888). 
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oxidases inquired to produce progressive oxidation in the presence of a 
sensitiser indicate that tbeir action can be considered as closely akin to that 
of any ensyme H £ and E F Armstrong* have shown u a aeries of 
valuable papers, and particularly m the hydrolysis of raffinose by acids and 
enzymes, that a close correspondence exists between the action of organic 
and inorganic hydrolysing agents The same apiieaia to hold for organic or 
morgamc oxidases. 

In general, oxidases, whether inorganic or organic, may vary from strong 
to weak The former will cause direct oxidation from the oxygon dissolved 
IB a watery solution The latter will transfer oxygen from labile oxygen 
compounds such as hydrogen peroxide, or will use dissolved oxygen m the 
presence of sensitisers such as the chlorides or phosphates of sodium or 
potassium Various intermediate gisadcs of activity are shown There is 
no reason for separating oxidases and peroxidases as distinct classes of 
ferments, and peroxides do not necessarily take part m all oxidase actions, 
although water does The supposed separation of oxidase and peroxidase 
by fractional preoipitation with alcohol may be merely the lesolt of 
attenuation 

An oxidase may be a " peroxidase '* to certain oxidants or may become 
so when attenuated Metallic oxidases act as ferments m that a small 
amount may produce considerable oxidation, especially in llie presence of 
sensitisers such as salt with copper sulphate, sodium phosphate with 
potassium femoyanide, etc, and in that the oxidase apiiears to act os 
an intermediary in the chemical change. 

Hydrogen peroxide may influence oxidase action — 

(a) By providmg a supply of labile oxygen. 

(b) By converting a feeble oxidase into a strong oxidase (ferrous salt mto 
ferric, ferrooyamde mto ferrioyamde) 

(e) By acting as a sensitiser to the oxidant substance 

(d) By aotmg as an inhibitor or antagomser m some oases 

Various salts may act as sensitisers (sodium and potassium ch lo ndes. 
bromides, and phosphates) or as inhibitors (banum chlonde, sodium fluonde, 
organic or morganio aoids), and in some cases, with increasing 
the aoUon of the former is reversed, while a substance which is a senslUser 
with one oxidant may apt as a reduomg agent with another (copper sulphate 
aud salt on mdigo oarmme). 

Strong metallic poisons will arrest the action of oigamo -m ri dit ii or 
destroy them (apple, potato, carrot, parsnip) if imme diate eo n ta ct or vapid 


* • Boy Soo, Proft,’ B, voL SS, p 349 (1910)5 voL 60^ p. 319 (IMBX ato. 
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penetration is assured Henoe the organio oxidaaeB are possibly pioteids, 
with or without oxidase metals, in basic or aoid oombiiiation 
There is no justification for the use of such terms as “peroxidase,” 
“katalase,” “ oenoxydase,” or ‘'tyrosinase,” to indicate specific substances, 
fermmits, or groups of ferments The “ tyrosinase ” of the potato is also a 
“katalase,” a “peroxidase,” a " pyrogallase," a “ hydroquinonase,” and a 
“ paiaphenylendiaminase.” It is, however, permissible to use such terms as 
katalase action or peroxidase action, and such names os loocase, russulase. 
potatasu, oarrotase, etc, as temporary names to mdicate the origm of the 
substances, whoso chemical nature is yet unknown Since, however, their 
oxidase powers will be only one of many properties, it will never be 
advisable to name them according to these properties alone, any more than 
it would be in the case of the metallic oxidases Comparison with metallic 
oxidases shows that we are not even on safe ground in assuming the 
existence of specifically distinct classes of plant oxidases, such as phenolases, 
aminoxidases, and lodoxidases 

The chlorides and phosphates of potassium and sodium are able to act as 
oxidase sensitisers, and thus may influence special oxidations, or respiration 
in general It is possible that they may exert a stimulatory or controlling 
action on plant metabohsm, and that the sodium chlonde always present m the 
ash of plants may not be an entirely useless constituent This may explain 
jMXtly why small doses of salt stimulate the growth of many plants, and 
why phosphates, in addition to being food substances, may act as stimuli to 
growth. The stimulating action of many metallic salts on growth may be 
paitly due to their oxidase ootien 

Ursol tartrate turns hgnified walls red or reddish-browu This is not on 
oxidase reaction, but is an admirable test fur lignin, especially valuable for 
demonstrating the wood elements in pulpy tissue 
Chloroform strongly, and ether more feebly, retard or inhibit katalase 
action, but they do not suppress oxidase action After prolonged contact, 
however, the organio oxidases are slowly attenuated and destroyed 
The liberation of iodine from potassium iodide may be used as a teat for 
the presence of oxidases in living tissues, but does not mdicate the existence 
of any power of produomg peroxides Dried organic oxidases may retam 
their properties for three weeks or more, and a glycerine extract for five or 
more months Where organic oxidases ore destroyed by boiling, tins is 
probably the result of proteid coagulation 
The oxidases of the beetroot and potato appear to be related to one 
•Bother, and to be amoxjg the strongest plant oxidases, and the nearest 
•nalogies to them are perhaps afforded by ferric salts and femoyanides. If 
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the special acUon of apple oxidase on tannic acid is due to the presenoe of a 
phosphatic sensitiser, it would be a feebler oxidase of the same type Carrot 
and parsnip oxidases are a grade feebler, but still react to gua i ac nm in the 
absence of a peroxide Malt diastase is still weaker, and pa}iain feebler still, 
while pepsin may show a weak " peroxidase ” reaction with gusucnm, but not 
any other oxidase action 


The Ftscation of Arsenic by the Bratn after Intravenous 
Injections of Salvarsan. 

By iTamks McIntosh, Beit Memorial Besearch Fellow, and Paui. Piuiks, 
Assistant Bacteriologist to the London HospitaL 

(Commuiiioated by Prof W Bulloch, F B S Received July 8, 1914 ) 

(From the Bacteriological Laboratory of the London Hoapital ) 

During the penod of probation of aalvarsuu as an anti-syphihtic remedy, 
a number of toxic phenomena were reported which led to the behef that this 
drug had particular nenrotropic propm'ties, and was therefore to be used 
with the greatest circnmspeotion These fears were very laigely founded 
upon the well known effect of the related drug atoxyl in producing optic 
atrophy Subsequent experience has, however, shown that the supposed 
neurotropio action of salvarsan was due to certain technical errors in its 
administration 

In 1911 we published (1) an observation which combated the view that 
salvarsan had neurotropio qualities. We submitted the organs of an mbnt 
who died alter administration of salvarsan to Dr W H WiUoox for 
analysis, and he reported to us that tiie brain m this case contained no 
arsenic, although considerable quantittes were present in other organs. We 
then appUed the law of Ehrlich, " corpora non agunt nisi fixata,” and argued 
that, since the biain was free from arsenic, salvarsan could have no iteuTQ> 
tropic action. 

Exactly simihur conclusions were arrived at by UUmuin in 1918 (2) In 
the course of a very extensive investigatum upon the distribution of anenie 
in the body after salvarsan injections, he made it quite nlow that the InMn 
never contained more than traces of anenie, an^ "this foot was en^hnwe 
against the neureiroplo action of aalvorsait.” SimUariy, Mw fl afol 
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Moanquand(3) found the brain and cord in five animal expenjaenta to 
be free from arsenic, although other organs oontamed much They idso 
concluded that salvarsau has no nenrotropic efieot On the other hand, 
Mouneyrat(4), after the injection of salvaraan into animals, found arsenic 
“ in very appreciable quantities in the hver, muaclos, and brain, distinctly 
more than the infinitesimal amounts met with in the control ammals, which 
had had the same food but no mjeotion " Thus Mouneyiat considered that 
salvarsan was " particularly neurotropio" In cnticism of this paper it most 
be stated that the author gives no evidence of having made quantitative 
estimations, by which he might have chscovered that the hver and kidney, 
for example, contained vastly more arsemc than the bram Further, the 
fact that he was able to demonstrate arsenic in the brains of normal 
animals must lead to a certain suspicion of his other results 

The observations of UUmann, Morel and Mouriquand and ourselves were 
accepted by Ehrlich (5) as showing that salvarsan has no “ Vorliebe ” for the 
brain 

As a lesult of subsequent investigatious upon the minute anatomy of the 
cerebral vessels, however, we were not entirely satisfied that the deductions 
we had drawn were correct 

It appeared that absence of arsenic from the bram might be due to two 
distinct factors Firstly, the arsenic might not be " fixed *’ by the bram as 
already suggested, or, secondly, it might not gam access to the bram, owing 
to some peculiarity of the corebrnl vessels In order to test this possibility 
we conducted experiments tn mini, applying neoaalvarsan directly to fresh 
brain substance, and then fouud that neoaalvarsan was in fact “ fixed ” by 
the biuin 

Mepenment 1 — 100 grm of fresh human bram and 100 grm of human 
liver w'ere minced and placed in two separate glass bottles of 1000 cc 
capacity These bottles were filled wi& saline solution, shaken, allowed to 
stand, and the supernatant fluid removed. The tissue was thus freed from 
excess of blood , SOO c.o of saline solution, contammg 0 15 grm of 
neosalvarsan, were then added to each, and the bottles were shaken for 
one hour. At the end of this time the supernatant fluid was removed by 
decantation and the bottles filled with saline solution eight times, shakmg on 
each occasion and removing the washings Iqr decantation By this method it 
was hoped that ail "unfixed” neoaalvunan would be removed from the 
tissuesr 

EstimatiODS of the amount of neosalTaraain m the washed tissue, the 
Bupexnatant fluid after fixation, and the final washing fluid were then made. 
In eveiy case the material to be tested was heated with eoncentrated nitric 
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Bcid and sulphuric acid, the residue extracted with water and tested in the 
Marsh apparatus The technique employed was that advocated by Chittenden 
and Donaldson (6) The nngs of arsenic obtained in this way were compared 
with a standard senes of rings made from known weights of neosalvarsan, and 
the amount of arsenic was eiq[>reB86d as grammes of neosalvarsan In no 
case was any attempt made to obtain accurate quantitative results, and our 
figures merely indicate roughly whether a particular sample contained much 
or little neosalvarsan — « 

Qiamme of 

neoBalvarsan. 


Moist bram residue after washing, 100 grin contained 0 004 

Supernatant fluid after fixation with brain, 500 c c „ 01 

Final waslimg fluid « , „ 0 

Moist liver residue after washing, 100 grin „ 0 015 

Supernatant fluid after fixation with liver, 500 c c „ 01 

Final washmg fluid . . * . * „ 0 


From this experiment it appears that brain substance will fix consideiable 
quantities of neosalvarsan %% mim 

Experiment 2 — Bepetition of Experiment 1 

Gramme of 
neoealvai'san. 


Moist brain residue after washing, 100 grm contained 0 01 

Suptwnatont fluid after fixation, 500 ac „ 0 05 

Final washmg fluid * „ 0 

Moist liver residue after washing, 100 grm ,. 0 01 

Supernatant fluid after fixatioq, 500 c c „ 0 05 

Final washing fluid ... . „ 0 


EaiperinmU 3— Repetition of Experiment 1, but twice the quantity of 
brain and liver used, viz, 200 grm The results were similar to those 
obtained in the other experiment, although the brain substance appeared to 
fix more neosalvarsan than did the liver, thus — 

Gramme of neosalvarsan 

Moist brain residue, 200 grm contained ... . 0*02 

Moist liver residue, 200 grm „ . 0 004 

It may be objected to these experiments, that the arsenic was inetdy 
entangled mechanically with the minced tissues and was not chemioalfy 
fixed ; we therefore repeated the experiment after replacing the anima] tissues 
with fragments of Doulton filter (asbestos) and finest vegetable efaaroodi. 
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Expenmenl 4 — 50 grm. of bTokeQ*up filter oendle were placed into 250 o o. 
of saline solution and 0075 grm. of neosalvsrsan added Further technique 
as in Expenment 1. 

Result — 

Gramme of 
neoealvarean 

Moist filter residue after washing, SO grm . contained 0 

Supernatant fluid after fixation, 250 c c . „ 0 04 

Final washing fluid „ 0 

Ea^nment 5 — Bepetition of Expenment 4, but with finest Venetian 
charcoal instead of Doulton filter Air was removed from the charcbal by 
boiling and the use of the vacuum pump— 0 16 grm of neosalvarsan were 
added 

Gramme of 
neoNalvarwui 

Moist charcoal residue after washing, 50 grm contained 0 001 
Supernatant fluid after fixation, 250 cc „ Oil 

Final washing fluid . ., 0 

Altliough a certain degree of absorption of the neosalvarsan was observed 
in the case of charcoal, it was not so great as with liver and brain tissue, and 
this fact, taken with the absence of fixation by the filter, suggests that the 
presence of arsenic in the latter after washing was a true combination and 
not a purely mechanical phenomenon. 

The conclusion may therefore be drawn that the absence of arsenic from 
the brain after intravenous injection of salvarsan is not duo to a lack ot 
affinity between the drug and the brain, but to an inability of the drug to 
penetrate into the proper brain substance 

As IS well known, arsenic is not usually found in the cerebrospinal 
fluid after intravenous injections of salvarsan, and this has been suggested as 
an explanation of the lack of effect of 'this drug upon certain ayphihtic 
affections of the brain On other data, however, we have formed the 
opinion that the inability of arsenic to penetrate the brain has no relation 
to its absence from the cerebrospinal fluid, but is due to a peculiarity of the 
cerebral oapillanes. If, however, neosalvarsan is mtrodnoed directly into 
this fluid by lumbar puncture, then, as shown by Wechaelmaun, marked 
toxic symptoms appear 

jSt^penmsnf 6, To DsfOomiAraU the ToxUy (f Nmtdmrsan to the Nervmm 
8^sfm.~In a typical expenment two rabbits were used in addition to a 
control 

0<05 grm, of neosalvaraan were dissolved in 10 ce. ot saline solution, and 



4324 Messrs. J. McIntosh and P. Fildes. 

of thiB solution 0 2 c 0 were uyeoted into the oereSrospinal fluid of a rabbit 
weighing 500 gnu , through the postenor oocipito-atlantoid membrane The 
effect of the injection waa to produce convulaionB immediatelj, and death the 
next day A second rabbit (800 grm ) received 0 1 c c and waa found to be 
paralysed on the following day As a control, 0 2 c c of saline solution was 
shown to be innocuous It thus follows that about 00005 grm of 
neosalvarsan is the toxic dose to a rabbit of 800 grm. weight when injected 
mto the cerebrospinal fluid It may be assumed that the drug is rapidly 
absorbed from the cerebrospinal fluid into the brain and is there fixed as in 
our experiment conducted ta viUo Thus aalvaraan may be said to be as 
much organotropic to the brain as to the liver, but this effect is not 
apparent after its therapeutic administration in the ordinary mannei 

The inabihty of salvarsan to penetrate into the brain explains the lack of 
success which often attends the treatment of syphilitic lesions of the brain, 
and in particular the parenchymatous varieties (dementia paralytica and 
tabes dorsalis) 

We next considered whether this inability might be due, in some measure, 
to the rapid fixation of the drug by the liver and kidneys and its removal 
from the blood. 

We have indeed found, experimentally, that the blood is practically free 
from arsemc two days aftei an injection, as shown m the following expen* 
inent — 

Expemnent 7 — Pour rabbits were injected intravenously, each with 
016 grm of neosalvarsan. They were killed 3, 6, 24, and 72 hours after 
the iu]ection Specimens of blood were collected and the ammal transfused 
with saline to remove the blood from the organs The blood and organs con* 
tamed the following quantities of neosalvarsan • — 


Brain (ra 10 gnu 
law (10 gm } 
Blood (asee) 


Babbit A, 

Bobbit B, 

BabUtC 

Babbit D 

S Im . 

6 hm 

84 hn 

7Shrc 


Graminw of ncoaaWartan 


P trace 

F tmod 

0 

1 ^ 1 

0 W6 

0 -00075 

0 U012 

0 OOOBB < 

0 UOS 

0 0006 

0*0004 

0 1 

1 1 


Wo next endeavoorod to satisfy the afbnitj of the hver and kidneys for 
arsemo by repeated injections of neosalvarsan, in the h(^ that » safHoient 
content would be maintained in the blood to allow of penetration into 
brain 

ISxptrwmU 8.— Three rabbits were injected, eeoh twice deily for four ^ys 
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with 0 05 grm of neoaalvarsau Thej wen> killed 12, 36, aud 60 hours after 
the last dose and transfused as before. 

The following results were obtained — 


Babbit A, 
12 hn 


lUbbifc B, Babbit C, 

30 hrs 00 hri 


Brain (c«t 10 grm ) 
Liver (10 grm ) 
Blood (26 0 0 } 


0*0001 
0 0006 
0 0008 


Ommmrff of aeo«alraraan 
) 0*00004 1 0 

0*00076 ' 0*00076 

0 *0001 ' 0 


En^juri'irunt 9 — Bepetition of Expeiimeut 8, but all tho animals killed 
iA liours after the last dose 


Brain {ra 10 gmi ) 
Liver (10 grm ) 
Blood (25 0 0 ) 


Babbit A 


0 

0 00012 
0 


! Babbit B 


drammei of neoealvaman 

® I 

0*0001 

0 0001 


Babbit C 


0 

O 0006 
0 


Fiom these expenmen ts it appears that no defimte penetration of the 
drug into the hram can be obtained by a repetition of the injections, although 
in one case a small quantity was observed 12 hours after tho last dose 
Similar results were obtained with Prof Ehrlich’s now co[>per-8alvarsaiJ 
combination (A;») 

Jinferimmt 10 — ^Technique as in Expenment 8. The dose of ka was 
0 02 grm and the animals were killed 24 hours after tho last injection 


1 

i 

Bsbbit A 1 

Babbit B j 

' Bnus (tta 10 grm ) , I 

1 Liver (lO grm ) 

Orammee of neoealvaiwin* 

0 1 

a , 

0 OOOOS 1 

0 0006 

Blood (26 0 0 ) 

® 1 

0 1 
1 


Cmelitnmu 

1 After intravenous u^Botions of salvwsan and neosalvarsan m man and 
animals no arsenic oaii be found in the bram 

2 This phenomenon u not due to a lack of afflmly between Uie brain and 
the drugs, bat to an inability on the purt of the drugs to penetrate into the 
substance of the brain. 
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Fixation of arsenic by the brain occurs as readily as by the liver, as* 
shown by experunents %ih ^liro and the toxic effects of intrathecal mjeotions 
4 Penetration of neoaalvarsan into the brain cannot be obtained even by 
frequently repeated intravenous injections. 
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The Production, of Anthocyaums and Anthocyamdtna . — Part II 

By Aetkur Ernkst Evrrkst, M Sc , Ph D (Lecturer in Chemistry, 
University Ooliegc, Beading) 

(Communicated by Prof Frederick Keeblo, F BS Iteceivod July IR, 1914.) 

The authoi of the present paper* and other mTestigatorsf have concluded 
as the result of their investigations that the red pigments obtained as the 
result of careful reduction of the jellow flavonol denvatives are identical 
uilh the natural anthocyans of plants Prol Willstatter, on the other handr 
holds} that these artifically produced red pigments are different from the 
natural anthocyans § 

That the point at issue is important may be judged from the facts that, the 
complete synthesis of flavonol derivatives having been reahsed by Kostanecld, 
the production of anthocyans from them as described by the author {loe. fit \ 
Watson and Sen,|| and Combes, f completes the synthetic production of these 
compounds Moreover, the production of anthooyan glucosides — anthooyanma 

* ' Boy Sor Proc B,.voL 87, p. 444 (1814) 

+ 0/ ihd , p 446 

I 'Sitsungeter K Akod Wiu Berlin,’ vol IS, p 408(1914) 

§ Bmce the preaent paper vos forwarded for publipitian, Wheldole and Bassett, * J. 
Genetics,’ vol 4, p 108 (1914), have published a criticisiu of the author’s views, in which 
they also take up a similar attitude. 

II 'Chem 'Soo Journ,’ voL 106, p 880 (1914) 

IT 'Compt Bend ,’ vol 167, pp 1008 and 1464. 
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— ^from yellow gluoosidea of the flavonol senes by rednetion in aad solution 
as descnbed by the author (loc. eit.), is of vital interest to those studying the 
(production of these pigments in plants 

Willsthtter bases his cntioism of the author’s oonclusions upon the 
following observations — (1) The red p^ments obtained by reduction are 
•unstable, becoming decolorised even in acid solution (2) The decolorised 
eolutions of these pigments do not recover their colour on acidification, even 
with considerable excess of acid. The anthocyans do not behave in this 
-manner, they are stable in acid solution, and, in neutral solution — with a few 
«xceptions — become decolorised by isomerisation, but the decolorised solution 
•on acidification regains its colour. 

The author has carefully examined the red pigments obtained by him, and 
•compared them with cyanin The glucosides and the one non-glucoside 
examined gave results in every way similar to those given by oyanin and 
•cyanidm respectively, and support the conclusions reached in the untboi’s 
previous paper (lor nt ), viz that these pigments are true anthocyanuis and 
anthocyanidins 

It 18 perhaps necessary to point out at this stage that, for the comparisons 
made by ‘Willstatter and now to be discussed, the anthocyamns — glucosides — 
igive far more reliable results than the onthocyamdins — non-glucosides — 
which latter compounds are more unstable m solution, even when faintly 
.acid, than the corresponding anthooyanina This fact was fiist observed 
when working with cyanin , moreover, the decolorisation by isomerisation and 
return of colour by the action of acids is far more difficult to carry out 
satisfactorily with the authocyanidins, particularly if they are somewhat 
impure, than with the anthocyamns With the anthocyamns this senes of 
•changes is most oharactenstic and very easily earned out, even when the 
pigment is in qmte a crude and impure condition 

As Willstatter appears to have used the non-glucondes only in making 
his oompansons, the foregoing considerations may perhaps explam the 
•discrepancy between his results and those obtained by the present wnter 
In every case the red pigments — gluoondes— obtained by the author are 
•stable m aqueous or alcoholic acid solution, mdeed many of them have 
remained in open test-tubes for many days without losing their colour In 
no case has decolorisation under such conditions been observed These 
pigments become decolorised, it is true, even in acid solution, if reducing or 
■oxidising agents are present, but this is equally true of anthoigranins. 

The non-glucosides when ii& neutral, or very femtly acid, solution are 
somewhat less stable than the glucosides, but m this they resemble the 
anthooyamdins 
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The red acid eolatioikB of the glucoaides obtained by the author, when made 
nestral by shaking with excess of oalcinm oarbouate, pass to violet or red* 
violet, and rapidly become decolonsed. On filtration, and addition of a lew 
drops of acid (HCl used) to the decolonsed aolntion — eitiier soon after 
deoolorisation, or even after stajiding over night m that condition — they 
quantitatively regain their red colour, thus behaving as true anthooyanins 

The acid solution of the non-glucoside examined, on shaking with excess of 
calcium carbonate became violet After filtration, the solution on warmmg, 
loses the violet colour, but on addition of a few drops of acid and warming 
the red colour reappears, but not quantitatively A solution of cyanidm 
yielded exactly parallel lesults As already mentioned, imless the pigment 
be pure, or nearly so, the complete 1 ‘ccovery of colour is difiicult to obtain in 
the case of the non-glucosides 

Besides the examination of the observations of Willstatter, the eomxiansoQ 
of the absorption s^iectra of the pigments obtained by the author with those 
of cyanin and oyamdin — in acid solution— *has been earned out 

The pigments all show one characteristic band, resembling in eveiy respect 
that shown by oyanin and cyanidm chlorides, and agreeing with that 
described by Willstatter for the characteristic band of ttie anthocyans m amd 
solution, as a broad band which becomes flatter towards the violet, and 
extends over a great portion of the green and blue r^ons 

The author has therefoie boon able to show that by reduction of fiavouol 
glucosides — the yellow pigments present in many flowers — a senes of red 
pigments may bo obtained whose properties agree with those of the 
anthooyanins A bnsf summary of the points of agreement may be given 

(1) The glucosides remain quantitatively— >the monogluoomde from 
queroitrin is apparently an exception — m dilute (about 2N) sulphuric acid 
solution when shaken with amyl alcohol, whereas the hydrolysed produote 
puss quantitatively into the alcoholic layer, yielding a red solution which 
shaken with sodium acetate solution becomes violet or red*violet, the pigment 
remaining in the alcohol, and their solutioa on ^kmg with sodiutn 
carbonate solution turns blue or blue*green and at the same tune the pigment 
descends quantitatively to the aqueous layer All these changes are exactly 
similar to those observed with anthooyanins. 

(2) In acid solution*— aqueous or alooboho — ^tliey are etable, and t^oir 
absorption spectra are aimilar to those of the antboeyamna. 

(3) By oxidation— ey hydrogen peroxide— their acid aolutioue may be 
decolonsed. By reduction — Zn and HCt— the ted colour of tfieir 
aolutioos M discharged, but reappears <m careful addition irf bydnigen. 
peroxide. Anthooyanins react in an exactly similar manner 
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(4) These pigments show the same decoloriaation in nenttal solution, due 
to isomensatjon, and return of colour by the action of acids as do the 
anthocyanins 

(5) Tliey form red cumpounds with acids (everything points to these 
compounds being oxonmm salts), are violet or red-violet m neutral solution, 
and most of them yield blue or blue-green compounds with alkalis, completely 
resembling in this respect the anthocyanins. 

(6) They are very unstable towards alkalis, as are the anthocyanins. 

With this evidence may be coupled that of Combes {ioc nt ), who, working 

with Ampeiopm hedera^^ea, obtained a yellow and a red pigment (anthocyan), 
and by reduction of the yellow obtained the red, and conversely by oxidatum 
the red passed back to the yellow He prepared both of these compounds in 
crystalline condition and compared their melting points. He did not state 
whether they were glucosides or no » 

It seems, therefore, that all available evidence favours the autiior’s 
ooucluBions that the red pigments obtained by the reduction of the flavonol 
denvatives and their glucosides are true anthocyanidins and anthocyaniim 
respectively Prof Willstatter, when lectuniig on this subject at Univemity 
College, lioiidon, m May last, expressed the opinion that they are compounds 
m which the pytono ring has IxM^n opened up at the oxygen linkage 
Comparison of their properties with those of known compounds of the 
structure suggested does not lend support to this conjecture , inoniover, it 
would be very difficult to account for their being str(»ug oxonmin bases — as 
they appear to be — if they were of this ty^ie, nor could this interpretation 
supply satisfactory explanations of the change from violet to red on treatment 
with acids, nor of the fact that the red are more stable than the violet 
compounds. 

It IS of interest to note that Willstatter’s woik supplies imjiortant 
experimental evidence in favour of the scheme 


H Cl 01 



(Hyrteotin ) Colourleiw or faintly coloured Anthocyan pigment. 

FUvonol denvative. iiitermediata piquet 

already put forward by the author* to explain the formation of the 

* Loe intf p 449. 
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aatbocyans from flavonol denvatives Willstfitter agrees with the au^r 
with regard to the structure of the anthooyan molecule, and further, hu 
analytical results (/oe cfU) have shown that the colourless lao-forms are 
produced by the addition of one molecule of water to the anthocyan molecule , 
this IS in agreement with the above scheme 

As davone denvatives, which also occur in plants, yield somewhat similar 
led pigments, it seems probable that further examination of the natural 
anthocyans may yield compounds related to this olass of pigmeut Again, no 
natural anthocyan pigment has as yet been exammed in which the hydroxy- 
groups m the phenyl group attached to the benzo-pyran residue are in the 
iiiota-poBitioii to one another As monn, a llavonol of this type, oieurs 
naturally, and on reduction yields a red pigment, it is possible that natural 
anthocyans of this type may be among the fruits of further research on these 
pigments It is quite likejly that such compounds would differ slightl} fiom 
those at present investigated 

Apart from the anthocyan question, the observations recorded appear to bo 
of interest, in that, as m every case where the autlior obtained an anthocyan 
by reduction of the flavone or flavonol present in flower extracts, he was able 
to show that the pigment was an anthocyamu — glucoside — ^it would follow 
that in each case the flavone or flavonol denvabve in the plant must have 
been present in the form of a glucoside 

Experimemtal 

The methods of obtaining ontbocyamns and anthocyamduis from flavonol 
derivatives by reduotiion have already been described by the author (foe. etf ) 
The method which gave most satisfactory results, viz. . reduemg the compound 
dissolved in a mixture of 5 vols. absolute alcohol and 1 vol ooncenixated HCl 
by means of magnesium (ribbon or turnings), was then used only when pure 
or nearly pure yellow compounds were obtainable. By shght adaptaboh, 
however, it has been found possible to use it with advantage m many cases 
when dealing with plant extracts It is omly necessary to odd to the extract 
of the yellow pigment in 2N HUl its own volume of oonoentrated HOI and 
then to the whole 4-6 tunes its volume of absolute alcohol, for the reduction 
with magnesium to proceed readily. In aome caaes it has been found 
advantagepus td add a drop or two of concentrated HCl from t»»ne to <-■»»* 
A disadvantage of this method is the somewhat considerable dilation which 
results 

Aqueous solutions of the red pigments produced may be obtained finan 
aqueous abohohe solutions above menboned, the addibon of much etlter, 
and il necessary, a small quanbty of dilute acid. The red pigments aiw left 



The ProduiAton of Anthocyamns and Anthocyanidim 381 

in the aqueous acid layer, provided that sufficient ether is added The 
ethereal layer contains much of the unchanged flavonol derivatives ami these 
may be more completely removed from the aqueous acid solution by repeated 
extraction with ethei 

in the preparation ot extracts from flowers, dried and powdered petals are 
more convenient to use than fresh flowers 

With the red pigments — all of winch were shown by the amyl-alcohol 
reaction to be glucoaides — obtained by reduction from extracts of the 
following flowers, viz daffodil, primrose, viola (yellow) and wallflower 
(lemon-yellow), the following experiments were earned out, vi/ — 

(1) The stability of the pigments m aqueous or alcoholic acid solutions was 
exanunwl In every case they were stable, no decoloiisation was observed, 
even aftei standing for many days 

(2) An ocul (HCl) solution (aqueous or alcoholic) ot the jngmeiit was 
separated into two portions (u) kept for conipaubon , (/;) sliakeu with excess 
of powdeted calcium carbonate, whereby all excess of acul was icmovod, 
Cfdour passed fumi red to violet, solution then licmme decoloused — all traces 
of I'ed or violet di8ap|>oared solution being a faint Iirownisli yellow Tho red 
colour was restored quantitatively on m idificatiou by 2-2 (hops of concentiated 
HCl (concentrated used to pitwent unnecessary dilution) \vlu?ther the 
aoidiheation tixik place iimnediately altc^r decolonsation oi altoi allowing tho 
decolorised solution to stand ovei night 

(3) The absorption sjicctra were examined, with lesults aheady nientionetl 
Thanks to the geiferosity of Piof A G Perkin, FKS, in jdacing at his 

disposal a quantity of crude rutin — a pigmonl consisting of quercetin 
combined with a Jisaccharose wisidue, and identical witli viola-quercituu* — 
the author was enabled to carry out similai expeiimeiits using the pigment 
deriveil by reduction from this flavonol disoochande of known constitution 
The red pigment remained almost quantitatively in aqueous sulphuric acid 
(about 2N) when shaken with amyl alcohol, only tiuces passing into the 
alcohol When hydrolysed by boiling with hydiochlonc acid (about 20 per 
cent) It yieKled a sparingly soluble non*gluco8idc, which, when shaken lu 
dilute sulphuric acid solution with amyl ^Icohol, passed quantitatively into 
the alcoholic layer, yielding a fine red solution On shaking the solution 
with sodium acetate, the colour changed to violet, reiuamiug, however, m the 
alcoholic layer. On shaking with sodium carbonate solution it became blue- 
green and passed quantitatively to tho aqueous layer 
The series of observations (1, 2, and 3) as above was repeated with the 
pigment obtained from tutm, and in every way similar lesults obtained 
* Cy A Q. Porkin, *Chem Soo. Journ 1910, p. 1776 
you Lxxxvm.— A 2 b 
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From the Bpeoimen of rutin eupphed by Prof Perkin, a sample of the 
crystalline pigment was prepaiod according to his mstruotions, and from tins 
also the led pigment obtained and subjected to similar treatment It yielded 
exactly similar results. 

This case is of pailioular interest, for, it the diaaccbarose is attached to the 
flavoDol molecule m the correct position, the pigment produced should be 
identical with oyanin 

For comparison with the above glucoside pigments, the same senes of 
experinients was carried out with cyanm chlondo, and gave exactly suinlar 
results 

From the red pigment obtained by reduction of quercitrin (Kahlbauni) or 
from iTitan, the noii-glucoside pigment was obtained by hydrolysis, collected, 
dissolved m a mixture of equal parts by volume of ethyl alcohol (absolute) and 
2N hydrochloric acid (aqueous), and of the solution obtained one part was 
retained for comparison, the other shaken with excess of hnely powdered 
calcium carlxmatc to remove acid The colour changed to violet, and after 
filtration and warming became decolorised — lost all violet colour, only famt 
brownish-yellow colour rcmaimng On acidihcation with drops of 
concentrated hydrochloric acid and warming, the red colour returned, but not 
quantitatively A comparative experiment using cjanidin chloride gave 
exactly suiulai results 

In solution — even faintly acid — this non-glucoside pigment is not so stable 
as are the glucoaides above mentioned , thus, after standmg for a week the 
colour IS considerably diminished, and this diminution is due to destruction 
Cyanidiu, however, behaves sumlarly, if somewhat impure 

The oyanin and cyanidm chlorides used were obtained fi*om a specimen of 
cornflower pigment containing about 10 per cent of pure pigment 

The author desires to express his thanks to Pr<»f A. G Perkin, F B S., for 
supplying him with the sample of rutin used in some of the above 
experiments 
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(Communicated by Prof. S J Hickson, F.B.S. Beceived Jnly 31, 1913.) 

[PlATIB 13 AMU 14] 

This new flagellate occurs frequently m goat-dung , we have found it also 
in sheep-dung. It is a “passenger,” being earned passively through the 
ahmentary tract, in an encysted oonditioiu When the dung is moistened 
with water — probably, m nature, when it is deposited on damp grass or 
earth — the flagellate emerges from its cyst and goes through its life-oycle, 
ultimately encysting agam The cysts are doubtless swallowed by the 
gout with its fodder. We have cultivated ffelkenmaaltx under vanous 
conditions, which will be described in our full account later. In order 
to obtain this form lu large numbers and study its life-histoiy without 
any fear of being misled by stages in the life-cycle of other flagellates, we 
succeeded in isolating it from the other forms occumng in simple dung- 
cultures and cultivating it on agar-modia, on which it multiplies rapidly 
The medium which we have used principally is weak Lemco-agar, te the 
same medium as used for blood-agar, bat considerably diluted. For our con- 
tinuous observations ye have used hanging-drop preparations in sealed cells , in 
these cases we used very dilute Lemco-broth, without any agar, as the medium 
for the devalopment of the flagellates, because in the denser agar-medium it 
is very difiSeult to see the flagellum. In all these media the flagellate forms 
the protOBoan oomponent of a " mixed culture,” since there is, of course, an 
even greater and more rapid bacterial development. 

Oommemdng the account ,of the hfe-oyole with the permanent cyst, this 
in a smalt spherical or slightly ovoid body about 3-8^ ft in diameter (figs. 1-8). 
The cyst-wall is well defined, but not very thick , it appears to oottsiBt ot a 
idngle membrane, there being no difl^ntiaiion into inner and outer 
envelope anoh as is fonnd, for example, in many AmeAa cysts Some- 
times bacteria are adherent to ^ cyst-wall (fig. 8) The protoplaam is 

^ The gansne usme is formed <ta tiie saalagy ot die Homeno epMwt, AMMmrhot, 
hSiliagsMinfleor shnk We sie indebtad to Pto&'lUiMkin for euggeedaigtldBiflirD- 
priatoiiaeM. 

> feuu ixxxvui.<--4k 2 c 

I 
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foitly bomogeneoua, or contains fine granules Thera is frequantljr, however, 
a oonspiouous, somewhat refrmgent gram, situated near the penpherj 
(Plate 13, figs. 1 and 2), but no vacuole is present The nuoleos can usually 
be seen as a clearer area, and at times the contained kaiyosome oan be 
distinctly made out as a dull body iii the centre No division takes place 
inside the cyst, which is therefore a resting or "Daner*’ cyst and not a 
multiplicstive one 

Eaxygtatim — ^We have followed the process of jexoystation in cysts which 
had been for about 22 hours in fresh medium (Liebig broth) This is not 
quite the minimum penod required, before the flagellate will emeige from its 
cyst, for in this particular preparation some half-dozen mdividnals were 
already active by this tune, though the great majority were still encysted. 
The period which must elapse depends, we consider, upon how soon the 
multiphcation of the active bacilli in the new environment lias taken place 
to a sufficient extent to produce, in sufficient quantity, the ferment or 
chemical substance in solution which is either dueotly or indirectly the 
cause of the dissolution of the cyst-wall For we are strongly of opinion 
that the explanation of both the encjstment and the exoystation of 
Selkentnastki (and probably equally of other dung- and mfusion-flagellates) 
18 to be found in the view put forward by Oiopper and Draw* in their recent 
important and suggestive work on the causative factors of the ccnrresponding 
phenomena in Amaba, We hope to study our new flagellate fiom this 
biological standpoint subsequently, and will here merely mdicate m paasmg 
certain facta we have observed which bear upon the question. We have found 
exoystation oooumng only in those cultures, plates, or observation-prapsra- 
tions in which there was a plentiful development of an (or of more than one) 
active, markedly aerobic bacillus, which we have not ydt more closely deter- 
mined We have kept cysts in ordinwy cover-shp preparations m different 
media (the preparations being sealed, of course, to prevent evaporatiatt), for 
' several days, without the emergence of any active individuals taking place , 
and in such preparations, the medium not bemg in contact with free air, no 
noticeable development of active bacilli took place. 

In a cyst from which the flagellate is about to be hberated the wall u 
noticed to become gradually less and less obvious, until at length one can no 
longer say that there » any envelope present, apart from the dehoate mem- 
brane or pellicle limiting the body-protoplasm (fig. 4) There is no definite 
rupture or bursting of the wall at any pomt, through which the fl^dlate 
could pass out to the exterior , in other words, when the creature has aj^ 
become active and moved off there is no cyst-wall left behind. We were the 

* **BaMarchM on Induced Cell-reproduotion in London, John Mnmy, 1M4. 
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more convinced of this because we hod pteTionsly seen the ezcystotion of a 
speaes of Sodo from other dung-cultures, and in that cose the rupture of the 
cyst-wall was very evident, and when the Bodo hod moved away the empty 
cyst-wall was left behind To return to JJdkmmasttx, when a sphere from 
which the cyst-wall had disappeared was watched it was seen gradually to 
change its shape, and in about seven minutes hod elongated somewhat and 
become ovoid (fig 5). Near one extremity a small vacuole hod mode its 
appearance, ivliich represented the contractile vacuole, active metabolism 
had again begun Veiy slight, spasmodic movements were noticed at 
intervals, and then suddenly it was seen that a very short, delicate 
flagellum was present, apparently eiueigiiig from about the middle of the 
body (fig 6) This waved slowly to and fro, though we do not feel at all 
certain that it was causing the jerky movements The flagellum could at 
first be made out only when it was projecting from the side of the creature, 
and not when it lay over the body-protoplasm. Meanwhile the flagellate was 
growing in size rapidly, and fivo or six minutes latei it appeared as in fig 7 
the flagellum had lengthened considerablj and was more prominent and 
stouter, and its point of origin was now near to the antenor end The 
nucleus had doubtless also passed towards the anterior end, but uufurtnuately 
it could not be cleaily made out , this was owing partly to the jerky move- 
ments and partly to the fact that the protoplasm was beoommgverygranulai. 
The jerky, to and fro movements of the body, producing no displacement of 
the creature, ate very charoctenstio of certain phases , we describe them os 
" kniokiiig ” movements («/ below, p 858). Ten minutes later the flagellate 
was beginmng to make short, gliding moi'ements of progression, and these 
alternated for some time with the knioking movements until, after about an 
hour, it moved steadily fur the first time out of the field of vision 
Duiing this period the same process hod been going on throughout the 
preparation, and many actively gliding individuals were now present These 
wero all growing rapidly before Ij^mnrag to multiply, and attorned a size 
considerably larger than the average individual size found later on , the 
protoplasm was usually full of refringent gtanoles 
Form atid Strwdore — The body of the ordmory active mdmduol of 
HtBcemna^ faemla is typically elongated and fairly (^hndriool, with one 
end (the antenor one) bluntly rounded, the other (postenor) one tapering 
away more and lieing at times somewhat pointed (figs 8, 10, 13) The 
broadest part of tho body is generally nearer to the antenor end We con 
most aptly compare the form with that of the fleshy part of a small carrot 
Sometimes the hinder extremity is drawn out into a narrow prolongation 
(fig. 11). This hinder part of the body is often very plastic and uregulor, 
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and reminds as some«rhat of the posterior extremity of CereAodo (jOvreo- 
moma), with its long cytoplasinic “ tail," though m Udketimcutix it m never, 
in normal conditions, drawn out to nnythmg bke the same extent The body 
18 usually about 6;t to 7^ long by or 2/t broad Under other Conditions 
the shape of the body may be oval or slightly pynform (figs 9, 18) ; this is 
frequently the case in smaller mdmdnals, and also when the flagellates are 
sluggish, m a rather denser medium than usual 

There is a single flagellum, generally about two and a half to three times 
as long as the body, or even longer, inserted at, or very near to, the anterior 
end This new flagellate is remarkable in having its flagellum o/weya (breoted 
backwards, i ^ it possesses only a trading flagellum, whence the generic name 
In life, the flagellum is usually contiguous to the body for praoticslly the 
entire length of the latter, and the proximal portion is always m very close 
contact with about the autenor third or so of the body, from which it never 
becomes free This is seen very clearly when a steadily progressing individual 
makes a sharp turn and goes oil in another diiection The proximal portum 
of the flagellum also turns immediately, along with the body, but the remain- 
ing part IS for the moment free from the latter and tuma more gradually into 
the new direction {ef fig 1 4) The flagellum lies along the middle ot the 
upper (dorsal) side of the creature , m ordmary conditions it is never on the 
under side Sometimes the flagellate turns on its side, when the dose 
adherence of the flagellum Is well shown (fig 10) Yet, in spite of this 
close contact, there is certainly no attaching membrane developed, for. in 
individuals killed by osmic acid, the flagellum is sometimes seen to stand 
off completely from the body Hg 12) Frequently there is a definite 
row of three or four conspicuous granules along the hne of contact of the 
body with the flagellum (figs 10, 11) The nacleas can generally be seen 
as a clear, sphenoal area near the antenor end , in individuals in motion it 
is sometimes difficult to see the kurysome, but m those quiescent, or in 
individuals killed by osmio aoid vapour, this body can also be made out 
(r/. fig 12) ffelkmiaastix is not a binuoleate , it has no kmetonucleus.* 

There is certainly no oytostome or definite mouth-aperture present We 
are not quite certain, however, whether the creature does or does not ingest 
solid particles, such as small cocci, etc , we are strongly incbned tg think it 
does not In this connection, a peculiar mode of food-uigestion which we 
have obseived in Careomcntu (or Cerecbodo) Umgwmda is of mterost WkQe 

* We may add that, as seen in stamsd preparationa, the auriena u of the """ft* 
flagellate oharaoter, ooaaieting of a nuclear membrane, a clear cone (the nwflear eapk 
and a large central karyoaome, connected with the membrane by delicate radlataig 
fibnla. 
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aQ individual was moving sluggishly along, the postenor, plastic part of the 
body would come into contact at some point with a small extraneous 
particle A small portion of the protoplasm oi the flagellate lu the imme- 
diate neighbourhood of the point of contact would remain adherent to the 
still stationary particle for a few seconds, gradually engulfang it, while the 
Ceroomonm moved calmly on Thus most of the body was quickly separated 
from the small portion of cytoplasm remainmg behind, until often only an 
extremely tbm thread or hue ot protoplasmic substance still joined the two 
parts, this Ihiead might be as long as the whole body of the flagellate 
Suddenly the tension of the connecting thread overcame the resistance of 
the stationary particle, and the latter, together with the small portion of 
protoplasm surrounding it, was safely hauled up again mto the main body 
We often thought the thread must break, but it never did I 

As our new flagellate shows a resemblance in some respects to Ceiromonaa, 
we have watched particularly for the occurrence of anything corresponding, 
which, however, we have never seen, although analogous appearances are seen 
during conjugation (// below) We have never been able to satisfy ourselves 
that HeUuemmcutyc does engulf solid particles at the hinder, plastic end, but 
do not deny the possibibty of it doing so. We certainly consider, however, 
that its pnnoipal inode of nutntioii is by osmosis The natural habitat of 
the creature, namely, moist dung, is, of course, rich m organic matter in 
solution, when the bactei la have been active for a little time In Helkmmad ue, 
therefore, we have an mstaiice of a form which is, at all events, mainly 
sapro/oio 

The contractile vacuole is usually small, that is to say, it contracts before 
It attains a large size. It is generally situated in the hinder part of the body, 
to one Bide (figs 8, 10). Now and again, however, owing doubtless to some 
condition of the medium, the contractile vacuole becomes very large (fig 15) 
Immediately after it has ruptured the protoplasmic wall and its contents have 
passed out to the exterior, the body of the flagellate presents for a short tune 
the ounous appearance of fig 16 , the hinder end is forked, hke the two arms 
of a Y After a httle while it becomes triangular (fig 17), and ultimately 
assumes again its normal shape. 

Another pomt illustrating the looseness or plasticity of the body is a method 
of turning round often shown by a sluggishly moving individual It will come 
to rest, and tlie body becomes more ovidd (fig 18). Tlimi tdie side with which 
the flagellum is in close contact begins to show what we term ” working " 
movements , at first the peripheral protoplasm moves m slow, short, irregular 
waves to and fro, the line both of the contiguous part of the flagelliun and of 
the row of granules (if these are present) becoming meanwhile indented and 
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nneven (tig, 19). These peripheral movements of the protoplasm can perhqis 
be compared, on a very small scale, with the wave*hke movements of the 
ectoplasm of Amaia vemuom Next, the anterior portion of the body- 
protoplasm on this side is moved as a whole baokwards, around llie central 
part, as it were, carrying with it the anterior part of the flagellnm and the 
grannies, and also, doubtless, the nncleos (ef % 20). Finally, the creature 
elongates again, having the anterior part of its body now where the posterior 
jiart formerly was (fig 21), and is ready to awmi away in just the opposite 
direction 

Movements — Helkmmastii, possesses two distinct and charaotenstic methods 
of locomotion One, the more usual mode, is very interesting, because it is 
very difficult to explain , m fact, we do not know quite how to explain it. 
The creature glides foruards with a steady, almoat unwavering movement, 
the flagellum trailing behind in a straight line While the rate of pro- 
gression 18 not as rapid as that of a Mimas or a Bodo, tor example, the 
movement cannot by any means be called slow, indeed, it is often 
Snrpnsingly fast, considering how little there seems to be to account for 
it There is certainly no vibration of the free, distal part of the flagellum 
at all, in this method of movement, the flagellum does not act as a 
pnlsellum The creature is always at the surface of the medium when 
moving in this way (or it is gliding along the under surface of the oover-alip), 
the flagellum in both oases being uppermost. This fact leads us to think 
that surface-tension plays some part in this type of movement. The body is, 
M it were, suspended along its length to the flagellar thread, as a gymnaat 
may be suspended along a tight rope The body is often seen to swmg aide- 
ways partitdly around its flagellum, appearing then as m fig. 10 , but it never 
swings right above the flagellum The only movement of the body which can 
be noted is a very slight " kmoking” movement of the anterior end, ««. the 
anterior end may make little tentative jerks from side to side, periu^ caused 
by slight contractions of the anterior end of the flagellum But the antenox 
end of the body is not displaced laterally by more than half its width, if ae 
much, and the strength of these slight movements appears wholly insufficient 
to produce the steady forward progression , moreover, the creature may glide 
for quite a considerable distance without even theee 

The other diaraetenstio mode of progressiou occurs when an individual is 
in the middle of the fluid, tjs completely surrounded by it Then it perforrae 
vigorous, more or less undulatory movements of its whole body and flagellum, 
the latter, as regards its applied portion, never becoming e^Muated freon riie 
body, and with its free, distal part lashing actively behind. The movement 
of the body is very like that of a fish’s tail, and not at all unlike tire 
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ttovemcnia of oertain trypanosome*. Yet, in qate of all this activity, 
tile rate of progression is no greater than u obtained by the quiet suifeoe 
^ding 

One other vanety of movement — not of progression — ^remains to be noted. 
An individual which has been gliding about will become anchored by the end 
of its flagellum to some particle of d^bns or small clump of bacteria. The 
body will then execute sharp bending or kmcking movements about its 
narrow, posterior end, where the flagellum becomes free, often tnrmiig 
through nearly 180°, and then tummg back ogam This anchoring process 
recalls the anchoring of some Bodos by the toailing flagellum, but the 
body movement in Hflkmmastise is not at all of the vibratmg or dancmg 
character seen m the Bodo, because it lacks the antenor, vibralile 
flagellum 

— After the flagellates have been active for some hours 
multiplication begins We have not observed it occurring up to six hours 
after excystation has taken place, but by the end of 20 honre it was 
proceeding actively and had evidently been going on for some time. An 
individual about to undergo division always comes to rest in the hrst place 
The body becomes ovoid and then practically aphencal (figs. 22, 24, 27) 
The subsequent course of events is not always quite umform, though the 
variations are only slight In the great majority of cases, by the tune 
the body-form has become rounded, or even after it has been ovoid 
for a short while, the flagellum is no longer visible The free part has 
entirely disappeared, and we are strongly inclmed to think that the attached 
part also goes, though we cannot write with absolute certainty because it 
1 * extremely difficult to detect a motionleea flagellum lying over, and 
closely applied to, the body However, we think that, m many oases, it is 
probably entirely withdrawn and absorbed, eepeoially as, just prior to this 
stage, small " working" movements of tiie penphezal protoplasm occur at the 
aide where the flagellum lay At this stage the clear nuclear area can 
frequently be seen to be elongated and to possess now two kaiyoeomatio 
bodws (flg. 22), the parent-karyosome having already divided. Next, the 
body begins to elongate agaiu (figs. 23, 29), and m a minute or two more 
becomes slightly dumb-bell shaped (fig. 25) The two daughter-nuclei are 
practically reconstituted and have begun to separate by this time (figs 23, 
29) , they can usually be seen because the body remains motionless dunng 
this period. (We hope to give information witii regard to the cytologioal 
details both of multiplication and conjugation in a subsequent memoir, 
when we have studied fixed and stained preparations). The time of 
appearance of the first new (daughter) flagellum varies somewhat. As a 
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role, it does not appear until the dumb-bell stage is readied, wbes it can 
snddenlj be seen projeotiiig out from the aide of the body, a diort distanoe 
from one end (fig 23), and waving slightly to and fro Occasionally, howew, 
it can be seen while the creature is stall rounded (fig 24). and in such a 
case it may represent the old flagellum, which has been mily partially 
withdrawn The coustnction at the middle of the elongated body now 
rapidly increases (figs 25, 30), and about this time the second flagellum 
appears, always some distance away from the first and lu the other half 
of the body, not far from the second nucleus. Very generally, the aecmd 
new flagellum projects out from the side of the body oppoeite that where 
the first oue is. The flagella increase in length and the body undergoes 
little irregular, jerky movemeulH. Its middle part becomes narrower and 
more drawn out, the whole body having now the appearance of a double 
pear. Usually the two flagella have tdieir fiee ends directed towards the 
middle, the bluntly rounded extremities becoming the anterior ends of the 
two daughter-individuals, though someUmes the second daughter-flagellum 
(the later developed one) starts from near the middle of the body, t«. 
near to the coustnction connecting the two halves, and pmnts outwards. 
Ultimately, helped by the movements of the flagella, Uie two halves of the 
body are drawn still farther apart and the small daughter-individualB at 
length separate, gliding away in opposite direotions. The cytoplasmic ** tail,” 
which each at first posaeases, rapidly contracts and the typical body-form m 
attained (fig. 81) 

In the above type of division, which is the most usual one, we regard the 
cytoplasmic fission as being approximately transverse to the onginal long 
axis, BO that in this case we have the flagellate undergoing transverse divasum 
of the body. The whole process is fairly rapid. From the time when an 
individual has become ovoid and practically motionless to the time of 
separation of the two danghter-individuala only 10 to 16 mmutaa usaa% 
elapse. Xow and agam, however, the process la slower, taking upwards of 
25 minutes ; but this is of rare oeenrrence. In such a ooae, moreover, we have 
noticed that the body becomes divided b^ore the second flagdlnm is fomed, 
HO that one daughter-individual swims away, leaving the other motionless for 
a few minutes longer, until it has developed ita fla grilum. 

On one or two occasions we have curved a modification of the above 
method of division, a second flagellum being fonnad while the old one is ataU 
present, having only been withdrawn (chortoned) a little (fig. 32 ). The 
shortening proceeds further (fig. 83), but in thie ease the <dd is not 

entirely absorbed but forms the basis of one of the daughter-flagella. £u tine 
variety of division we regard the fission of the body aa being more in the leng 
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axu, rather than tramverae This may represent a wore primitive mode, 
winch has been liu^y relinquished in ievonr of the other 

Syngamy — In a fresli cultuie (either agar-plate or obseivauon-preparatiou), 
after the flagellates have once emerged from their cysts, multiplication goes 
on, often at first with amazing rapidity, for two days or so, until by about the 
third day — or sometimes even earlier — an epidemic of conjugation sets in 
The ouly important point in the whole life-cycle m regard to which we are 
not yet certain is whether definite conjugating mdividuals, gametes, morpho- 
logically distinctive from the usual forms, are developed, and, if they are, 
whether these are anisogamous or not Oui difficulty anses from the fact 
that in a culture in which con,|ogation is beginning, the flagellates present 
show more or less the customary variation in size and form , luni, further, we 
have not yet suooeeded in seeing two mdividuals actually come together and 
unite. In most of the cultures in which we have observed conjugation, the 
majority of the individuals belong to oue of two slightly different tyjws 
One of these is lather charactenstic and distinctive, we think, of this 
period It has the postenor end of the body gradually tajteiing and always 
turned definitely to one side (figs. 34, 35), usually, though not invaiiably, 
the right side, when the flagellum is dorsal or uppermost The curved 
tail-portion differs from the ii regular extensiou sometimes seen at the binder 
end in ordmary individuals (^ fig 11), m being fairly constant and not so 
changeable or metabolic, now retracted and now drawn out, as in that 
case. The other type is distinctly smaller, but is not so readily distmguishable 
from an ordinary individual (fig 36) , it is oval in shape, and the hinder end 
js usually more bluntly rounded. 

In an observation-preparation m which syngamy has begun, two tndividualH 
are often noticed to come into contact and gbde along together for a short 
while (fig 37) The members of such a pair are very frequently— -though, 
ogam, not invanably— -of the two distinct forms just noted. The larger one 
of the two often appears to stick, or become attsobed to the other 1^ its 
carved, hinder end (fig 38) , when thu haj^na, both individuals get very 
excited and actively jerk themselves about for a moment or two , then they 
will either separate abruptly or glide along together for a short distance 
agaia, and then move apart Unfortunately, we have never seen this process 
followed by actual umou, and therefore cannot say whether it lepteeents a 
tentative seeking out of each other by deftmte gametes Only in one ease, 
up to the present, have we caught the two gametes in close contact, with the 
body-protoplasm of each still separate just for an instant before joining up 
(fig 39) , and, in thu ease, so far as could be gathered from our momentary 
impression before the two protoplaamio masses ran together, aa it were, into 
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one, the two conjugating individuals wete not veiy d uniimil a r . We leave the 
matter there for the present, but hope to settle it before publi^ng our 
detailed account * 

Of course, the actual coming together and uniting is a matter of a few 
seconds, and therefore difficult to catch , but the gradual fiunon of the two 
gametes and the subsequent development of the zygote is a long process, and 
we have observed every stage in it, on many occasions The actual oyto* 
plasmic union is lateral (fig 40), and immediately after it has occurred one 
would think that a smgle protoplasmic entity was now constituted. But 
the subsequent behaviour is amazing and unique, so far as we are aware, in 
the history of conjugating elements, and well illustrates the looseness of 
the first union and the fluidity of the protoplasm m Hflkatmfutix — and, 
we doubt not, in other of these dung- and infusion-flagellates As soon as 
the actual cytoplasmic union has occurred, the defimte form of the two 
gametes is practically lost, and there is for some time a remarkable lack 
of attraction, oi reluctance to unite, between the two essential parts, if 
we may thus regard the nuclei and associated elements together with 
the portion of cytoplasm immediately surrounding them. (This is probably 
because the nuclei have not yet undeigone a process of maturation ) We 
cannot do better than describe the sequence of form-changes undergone by 
the zygote immediately following the union, in the instance referred to. 

The coDjugants of fig 40 had not been joined for more than a minute or so 
before they separated again in the anterior region, one mdividual being 
desirous of steering off to the right, while the other preferred to keep 
straight on (fig 42) This little difference being composed and the two 
individuals joined up again, one began to lag behind the other, the oom* 
bined body appearing now like an irregular rhomboid (fig. 43)^ The 
conjugants were progressing forwards, more or less steadily, all the tune. 
In the next instant the smaller half had slipped still further back, and die 
body had now the appearanoe of fig. 44, A few seoonda later it was quite 
behind the larger half (or individoal), the two bdng oonnected together only 
by a narrow cytoplasmic thread (fig. 46). After ptpgressing thus for a diort 
distance the smaller half rapidly overtook the one in front by a kind of 

slithering *’ movement along it, and the protoplasm of both again "joined 
up along the side (fig. 46), A few seconds later a very charaotMtistio 
stage was reached, in which the oombmed body of the two conjugants 

* We hare amce reoonaidei'ed the above pout and now thuk that the tend^y to 
adhere m couplea m thia way ia probably purely a matter of surface tension or attraction* 
We hare observed the same phenomwon in obaervation-preparations of a nonvcmiju- 
gating strain of a closely allied species {vide p. 866, M eeq,). 
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was almost square, the whole sygote, with its two flagdla trailing along 
near the outer sides, having almost the appearuice of a prooession banner 
(fig. 47). (At a later stage the body becomes more definitely rectangular and 
banner-hke.) In this particular instance the qrgote remamed thus for a 
couple of minutes or so, moving along steadily, the two “halves” with 
their flagella at times approximating shghtly, causing the common cytoplasm 
to sag, as it were, just as a banner does when its pole bearers do not keep 
their line Now and again the zygote turned on its side, when it appeareil 
as in fig 41 At lengtli it altered again completely, a portion of the body, 
apparently about a third of the bulk, advancing quickly in front of the 
remainder (fig 48), until the two iiortions were only connected by a very 
narrew thread of cytoplasm, which was at first extended along and in contact 
with the greater part of the flagellum (fig 49) We have no doubt that m 
this remarkable dissociation of the zygote into two portions, one nucleus goes 
with each half, just as the origin and proximal part of the flagellum can 
clearly be seen to do Unfortunately, we could not make out the nuclei at 
all during these living observations of the conjugatiou-processes , this was 
due partly to the fact that in the earlier stages the conjugating pairs are very 
active and constantly undergoing form-changes, and partly because, in the later 
litages, the nuclei are most probably undergoing maturation prior to nuclear 
fusion This separation, which may amount almost to disruption, of the 
common cytoplasm into two portions reminds ns of the behaviour of the 
protoplasm of Oereomonaa (Cerrobodo) above alluded to, but in Hdkmmaatta 
it 18 not a passive leaving behind of a certain amount of protoplasm, but a 
separation actively brought about by a difference in behavionr of the two 
gametic energids. Here, again, m more than one instance (</ fig 64), we felt 
sun that actual rupture was going to occur, but we have observed this remark- 
able process on several occasions and the two halves never broke loose 
To return to our particular sygote, the small leading portion suddenly turned 
right round, its flagellum becoming at the same time mostly free from the 
cytoplasmic thread (fig 60), and then joined up again to the mam portion 
(flga 51 and 52) The aygote next assumed the form of a pear (fig. 63), 
and after another minute or lees the stage of fig. 45 was repeated, with the 
diflbrence that the smaller half was this time ra front. The hinder part then 
" slithered ” up along the other and the banner form was again arrived at 
All the above changes took place in a period of about 14 minutes from the 
instant of first union. This time the banner was fairly permanent, and after 
following it for a little while longer we left it, as we knew exactly what the 
subsequent behaviour would be from numerous earlier observations. The 
above described remarkable behaviour of the two oonjugants— or, at least, of 
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the two esaeatial portions, smoe tbe cTtoplaam is apparently indiseiiouDately 
divided at tunes — *18 not at all an exeeptumal oocnrrmioe, udeed, we 
think something similar usually happens during the earlier stages of 
syngamy. On other occasions we have seen both the “ shthenng ” of two 
slightly unequal portions and the almost complete separation of the two 
halves which remained connected only by a dekoate thread, just as in tbe 
above case The joining up again in such a case ooours, we consider, as a 
result of the rapid contraction of the oonneoting;^ thread, in just the same 
manner as the lagging ^lortion of protoplasm was suddenly hauled up into the 
mam body of the Cercdbodo {cf. above) Further examples of these early 
conjugation stages are given in tigs. 54-57, from different zygotes Even 
after the banner has been definitely formed for as long as an hour, we ha\e 
seen it suddenly break down into two portions, one behind the other. 

Difierent forms assumed by the banner, when at length permanent, are 
seen in tigs 56-62 As time goes on the banner gradually loses its square 
shape and becomes oblong (fig. 63), the two parallel flagella also gradually 
commg to lie nearer to the mid-dorsal hue, and so to each other. Most 
probably, by this time, tbe maturaUou processes of the gamete-nuolei are 
completed Further, the two flagella are slowly shortemng in length. In its 
earlier period, howevei, the banner is still oapaUe of performing the active^ 
undulatmg (free) movement, as well as the more obaractenstic gliding move- 
ment. From an oblong the banner now turns to an oval — ^really, of course, 
to an ovoid — which is ultimately almost as deep as it is broad We have 
followed a banner from the time when it had about just become permanent 
as in figs. 61 and 62), up to the definite oval (fig. 65), the tune occupied 
being about three houra In an observaUon-preparation in which qmgamy 
has been going on for some time, banners and ovals are quite numerous , due 
will be apparent when it is remembered that every oyet formed is a zygote- 
oyst At a later stage the two flagella have become much sluwter (figs. 66 
and 67), and the flagellate moves very sluggishly , it soon ceases to diqtlaoe 
itself and only performs little turning and "kniokmg” movements. The 
protoplasm becomes oontracted and somewhat denser, and the oval neady 
always leaves the under surface of the oover-elip by this tune and sinks to the 
lower level of the medium. The flagella are at length quite absorbed and the 
body becomes spberioaL We have followed an mdmdnal oval with two 
flagella close together, as m fig. 66, up to the tune when it became a motion- 
lesB, rounded body at the lower level, and this change took abont six hoots. 
The whole process up to this stage takes from 9 to 10 honn, aooording to our 
actual observations , of course^ this may not be die minimum period reqidmd, 
though we should say it is not far from it. 
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We have uot actually watched a motacmlesB, rounded qrgote through its 
enoystment period, but we noted the position of the above individual and of 
ethers at the same time late in the evening, and on looking at them next 
morning we found they had become the very oharaotenstic “shrinkage” cysts 
(figs 68 and 69) The cyst-wall has bemi formed and the protoplasm has 
continued to contract, so that a space is left at onende between the body and 
the wall We are inclined to think it is a space containing no liquid, because 
it ui always very clear The space appears of different size, accoiding to the 
age of the cyst (figs 68 and 69) When small the space is spherical, but 
when it attains its maximum size it is lens-shaped A cnnons fact is that 
after the cyst has shown this condition of shrinkage for some time — the 
period may vary from two days or less up to longer — the space disappears 
entirely and the cyst becomes a permanent cyst, as descnbed at the com- 
mencement of this account This finishes the hfe-cyole 

Bwlogwd Notes — As, in a normal culture, the gicat majority of the 
flagellates form cysts, one could not have a more convincing and readily 
obtained demonstration of the regular occurrence of syngamy in the hfe- 
cyde of these simple dung-fiagellates Although all the above observations 
on Jielkesimastix liave been deaonbed eitlier from plate-cultures or from 
observation-preparations, this is only becanse, on account of the more rapid 
multiplication and development under those conditions, the individuals are 
very much more abundant than in a simple, moistened dung-culture, and 
therefore the different stages are more readily found We have not the 
slightest doubt that the life-cycle is exactly similar under the more natural 
conditions, the only difference being that it is probably slower, tea longei 
period may elapse before tlie whole life-cycle is completed. For instance, 
it IB usually three or four days before this flagellate is observed in the active 
condition in a dilute dung-culture, and it may persist in the active condition 
for a week or more before forming cysta The reason for this is, we consider, 
because the watery medium is not nearly so nch in nourishment as the beef- 
extract mediant. The bactenal development is not nearly so great as m the 
latter case, nor is the multiplication of the flagellates so abundant Therefoie, 
on the one hand, a somewhat longer time most probably elapses before the 
eyst-wall is dissolved , and, on the other hand, the medium dues not so soon 
become exoessivdy full of the “toxic” products, or whatever chemical 
substances induce the cessation of mnltiphcatum and the tendency to 
GOOjugatioQ, whether formed from the fli^llates, or the bacteria, or from 
both As, however, we are at present engaged m making a full stndy of 
this interesting flagellate from a biological standpoint we will not farther 
discuss these questions at present. 
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Lo 8B of Syngamy and ths Power to form CynU — We have discovered one very 
interesting and imjxirtant fact, however, which deserves to be mwtioned 
By Bub-cultunng the flagellates* while they ore still all in the active oondi* 
lion, before cysts have been developed, on to a fresli plate of the same 
medium, we have found that multiplication will contmue for a further 
penod (of two days or so), before conjugation sets in. The important fact, 
however, is that, after a certain number of sub-cultures have been thus 
made, the flagellates, although they are still able^to thnve and multiply 
actively on each successive transference, no longer undergo syngamy, followed 
by cyat-formation, and have, so far as can be seen, entirely lost the power to 
do so, at all events under the existing conditions f Up to the present time 
(October), we have thus kept a strain for more than 20 weeks, through 
35 sub-cultures on to fresh ** constant " medium, and in each sub-culture the 
flagellates have multiphed enormously In the sub-cultures up to the fourth 
a very few isolated cysts were still found But %n none of tlu mjihneifumt 
ontH lias a single cyst cvei been seen The flagellates, mstead of conjugatmg 
and forming great numbers of cysts, as usual, degenerate and die off, only a 
small proportion remaining still alive Yet, at the end of 10 or 12 days, 
sometimes moie, a few individuals still jiersist alive, and the transference to 
a fresh sub-culture can be successfully made The flagellates wluch remain 
alive are rounded, granular, very sluggish forms, with the flagellum sticking 
straight out and almost motionless, but, in the fresh medium, they are 
capable of quick recuperation and renewed multiplioation. 

During the earlier weeks, after this new strain was fairly started, we never 
observed any bifisgellate forms, comparable to the conjugating pairs above 
described, although thousands of individuals must have passed under our eyes* 
Tlien, during the 8th and 9th weeks, respectively, we observed on two 
occasions, in different obseriation preparations, a single biflagellate individual. 
After tins, we looked carefully for others, at intervals, but no more were seen 
until the 14th week (m the 23rd sub-caltaie), when another was observed 
Since ttiat time, in most of the sub-cultures, a few biflagellate individualB 
(banner-hke forms) have been found and the number of these has gradually 
tended to become less infrequent, although they still constitute a very small 

* ThiH exponmental work, it may be mentioned, has been earned out upon another 
speciee of HdhmmcOiiiar^ with which we ha^e worked latterly Thu form iH ffU^*or, 
n HP ) also occurs both m sheep and goaU, and differs only from m the larger 

sue of the adult indn iduals and also of the cjrete, rendering it more convenient for study 
The hfe-c>cle u similar m both. 

t We tried the ezpenment of re-introduoiug the non-oonjugatmg strain ** into the 
original dung culture (stmlued) with the ohjeot of seeing whether the ability (to 
undergo syngamy would be restored, Thu also gave negative resulte. 
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proportion only of the total number of flageUatee present We have been 
able, on several occasions recently, to fcdlow the further behaviour of these 
forms, and have ascertained the important fact that thqr always divide, and 
never become rounded-off aud form cysts. Moreover, we have observed a 
certain number of these forms which were very large and poseessed not two, 
but three, or even four or five flagella (and nuclei, as ascertained from 
permanent preparations) We liave seen an individual with tiiree flagella, 
and also one with five, actually divide into two rather unequal portions , in 
the former case, one half had two flagella and the other one, and m the latter 
case, one had three and the other two flagella (and nuclei). 

We will assume, for the present, that these forms represent a union of two 
or more individuals, rather than a long-delayed division* When we first 
observed the isolated instances of biflagellate forms in this strain, we con- 
sidered that they represented true syngamy, which, although occurring very 
rarely was apparently still “ latent ’* We now know (1) that tltese “ unions ’* 
may be either binary or multiple, apparently more or less indifferently , 

(2) that these forms alwa} s divide, the nuclei and flagella being apportioned 
out, often unequally, between the two halves, and that they never proceed to 
form cysts — the invariable sequel, normally, to conjugation in Selhstma^u, , 

(3) and, lastlj , that these forme, or the products of their division, are equally 
incapable of persisting ultimately (unless, of course, they are transferred to 
fresh medium) Hence, we feel certain that none of these unions represent 
true syngamy Beanng in mind the extremely plastic oliaraoter of the 
cytoplasm of this creature, we consider these umons are due to physical, 
rather than “ vital ” factors, and result from continued cultivation and the 
condition of the culture at the time 

In our opinion, these iieouliar oases do not invahdate the followmg 
general conclusion which we wish to draw from onr observations on this 
non-oonjv^ating strain. The “intensive” culture of this flagellate has 
resulted in the loss of the power to undergo tame syngamy aud to form cysts 
The further existence of this “strain” is now dependent on ooutmued 
tiansferenoe to fresh “constant” medium Minchin, in his ‘Introduction 
to the Protosoa' (London, Arnold, 1912), in the chapter on "Syngamy and 
Sex,” has pointed oat (p 161) that “ intensive culture, whether artificial or 

* We oaanot yet write with certainty upon thie pornty because we think, from the 
evidence obtained so far, it le poenbte that these forma represent a long-drawn-out mode 
of divieion, due to the eflbot of the oultuial oonditiona, m which the nnUeue and 
flagellum divide, it may be moie than once, before the cytoplasm does. There are other 
oesM known of a oorreeponding bohavionr under oondtUons which are probably not 
quite normal ; an example which ia partioulsrly mterecting in relation to the present 
dieouuion ii that of multiple longitn^nal flasion m certain lethal trypanosomes 
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aatnrttl, ita in paraBitism, seems to dimmish the necessity for syoguny **; frtmi 
this stage it is only a step farther to find the capacity for fyngamy lost 

Bearing on the Case of the TrypanosonuB.’-^lt appears to us that thw temaiko 
able experimental faot has an important beanng on the qaestim of the 
trypanosomes, and may atToid an explanation of why conjugation (or syngamy) 
in these parasites, though assiduously sought, has not been observed in any 
authenticated instance Probably it never does occur, because these fcHrms 
liave lost the power to conjugate Just as. in the case of the above'disoussed 
strain of Hdhanmmtuc, the rapid, successive transferences to fiosh, non- 
toxic medium at first removed the necessity for conjugation (and encystmentX 
and then have led to the loss of the ability to nndeigu syngamy (and. in this 
cose, to form cysts), so a similar development has very likely oocniTed in tlie 
tryjianosomes and related forms As is obvious, the conditions of life m these 
parasites are readily comparable to those above described The tiypano- 
soiiies live in a rich nutritive medium, namely blood, m the vertebrate, or 
blood in various stages of digestion, in the mvertebrate host , and, as is well 
known, rapid multiplication in both hosts is usually found In the inverte- 
brate we get, moie or less frequently', replenishment, te a fresh supply of 
the “ constant " medium (namely blood), together with removal of toxic 
products In the blood of the vertebrate, where there is at first abundance 
of medium, but not any “ fresh ’* supply, it is veiy interesting to note that, 
in the case at all events of many lethal trypanosomes, which, as Minolun has 
pointed out, are not yet completely adapted to their hosts, we get the pro- 
duotion eventually — after active multijdioaUon has gone on for some tone— 
of the well known “ involution ” forms These^ at any rate in our opinion, 
as in that of nuiny French workers, simply die off after a time, if left to 
themselves, but they are capable of beii^ “rejuvenated” and of again 
multiplying actively if passed into a fresh host. And a similar state of 
affairs has been met with by one of ns in cultures of avian trypanosoniM 
Now it seems to us that these two oases present a very close paiallel to what 
we have obseived in Helkeemaetu. It may be pointed out, also, that tiie 
non-conjugating strain of HeUeemiadix is the result of an abniptly 
originating and inoie or less artificial intensive culture, whereas in the ease 
of trypanosomes and allied parasitic flagellates tbe corresponding cooditunn 
have operated naturally and ovci a long duration of tame. 

On the supposition that syngamy has now been entirely lost m the besmo- 
flagellstes, the explanation which we heto put forward » much more ^bable, 
we think, than the idea, which has also been suggested, that the sttmolus 
afGirded by the change of hosts is accountable for the loss of Uus piooesi 
in the trypanosomes. We have always considered that there are two or 
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tibree aerions objections to this latter view. Bnefly stated, these are as 
^lows: — (1) Trypanosomes can be suooessfnlly inoculated, without limit, 
into fresh vertebrate hosts, ue the same ** constant ” physiologioal medium, 
without showing (so far as is known) oonjugaboa. (2) Bmuoleate flageUates 
of inseots alone (fg certam leptomonads) have no alternation of hosts, 
and syngamy is apparently just as little likely to be found m these 
parasites as in the trjrpauosomes themselveB. (We are inclined to think, 
indeed, that syngamy may have been lost m the ancestral trypanosome fonn, 
before ever it acquired an alternation of hosts.) Lastly, we have the 
important case of the Hiemosporidia, intracellular parasites which all have 
the change of hosts, and in all of which corrugation regularly occurs Why 
should not the physiological stimulus afforded by the change of environment 
have influenced them also ? And, on the other hand, there is no reason to 
doubt that the primitive ancestors of the trypanosomes underwent a pro- 
cess of syngamy, since it appears likely that many of these lowly proto- 
monadine forms, among which the ongm of the trypanosomes is to be sought, 
possess this feature 

We consider, therefore, developing the ideas expressed by Cropper and Drew 
(loo. eit.) along the Ime indicated by the experimental facts addnoed above, that 
the loss of syngamy is due to the surfeit of nutrition, together with the non- 
toxieity of the medium, that is to say, the absence (m exeess) of the chemical 
substance or substances to which the flagellates react normally by the 
cessation of multiplication and the onset of conjugation It will be readily 
apparent, from what has been just pomted out, how these factors have pre- 
vailed in the case of the trypanosomes. And we thmk that a Mmilar 
explanation can be apphed, not only to the case of insectan Bmuoleate, but 
probably to that of many other parasitic flagellates as well 
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EXHiANATIOK OF FIQUBE&.. 

1 . . 

Ail the drawings, with the exception of Hg 19, emfrom ekemMe^niMledinal^ 
time of the living obeervetion. Fig 19 u a oaamn lucida dniwing olW indh|dp4 1 
with oemic ecid vepour The mAgmfiaetion thrcm|^teiit » approxifut^^^MI^ tjmee 
linear, arrived at after a companeon of othet iadivilaida flx«d wUh Mplb if^* an 
indebted to Mu* Bhodea for kindly tinting end eherpening op the dnwing*. 

In onr flguree, we have ehown ^e nncleoa or oadtted it, aooordthg ae to wbethar 
were able to obeervo its position in the particular represented, or not^ ^ 

mentioDed in the teat, ve were unable to make out satiafaftoril^ the nuolei in Bli^ hi 
the oonjogating pshrs 0^ 

Note regard to the dsgaltam — As mentioned in the text, the length of thifj/ 
itagoUum vanes m individuals otherwise similar In order to save space, we have drawls 
the flagellum usually short, except in flg 10 , the flagellum of the in^viduii^ of fig; 19 
of course, natural length. 


Platb 1A * •v 

Figs. 1-3.— ^ysts. 

Figs. 4-7 '-ExcystatioD and the development of the flagellum 
Figs, fl-ll. — Different forms d individuals 

Fig IS — Indindual fixed with onuic arid vapour, to show that the fiagellura is nod/ 
actually attached by any membiane to Uie body 
Figs. 19 and lA— >)V> illustrate t^ briiaviour of the flagellum in turning of the bod^* 

Figs, lfi-17.-^Buptbre of a large contractile vacuole and form-changes dF the bod^. 

Figs. 18-91 —To illttstintea mode of turning of a stationary individual (see textX 
Figa. 99-98, 97-31, and 32 and 93.— Differmit instances of division (binary fission)* , 
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Figs, 34-38,— Different forms predominating in a culture about to start conjugatiott. 

Figs 37-89.— The whole process of conjugatiou (syngamy), showing the different fbfflfc* 
changes during the progress of the fusion. 

Figs. 63-87,— The gradual contraction of the body and absorption of the two flagella 
the xygote, pnor to enoystment 

Figs 68 and 68.— The cysts as first formed, so*caUed ‘^shrmkage*' cysta, with a vaou^ 
or space of varying nee. 
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^^nMgonitiic Action of Carbon Dioxide and Adrenalin o^ 

the Heart. 

By S. W. Pattebsok, M.Dq Beit Memotuil Beaeoioh Fellow 
(Oommunioated by Prof Starhng, F.B.S Beceiyed Augiut 14 , 1 9 14 ) 


(fVom the Inetitute of Physiology, University Cbllege, London, end the Phyuologieol 
Institute of the Univeraity, Berlm.) 

Although a great volume of work on asphyxia has heen published, it is (mly 
comparatively recently that attempts have been made to dissooiate the 
influence of vanous factors in the production of the phenomena observed 
Kays and Btarhng (1) were the first to differentiate the effects of lack of 
oxygen and excess of carbon dioxide m the spinal animal , and their wwk 
was elaborated by Mathison (2, 3), m whose papers a full discussion of the 
previous literature will be found. He found that during mtrogen adminis- 
tration no increased output of the heart is seen in the early stages of 
asphyxia, and attributed the increase in output noticed m ordinary asphyxia 
to the presence of increased tension of COt m the blood, which Jerusalem 
and Starhng (4) had shown to increase the qrstolic output of the cat’s heart 
He also observed an acceleration of the heart beat about the tune of the 
primary blood pressure nse in asphyxia, which occurred even after removal 
of the upper part of the spinal cord. Since the work of v Anrep (6) and 
Itami (6), a third factor, variations in the secretory activity of the suprarenal 
glands, must be taken mto consideration , and the present paper contains an 
account of an investigation of the action of carbon dioxide and adrenalin on 
the heart isolated from the nervous system. 


ilethodt 

The experiments reported in this paper were earned out mainly on dogs, 
a few on cats, the ammals being anaesthetised by mhalation of chloroform 
and ether imxture, in the case of dogs after a prehminary hypodermic 
ii\|eotion of morphine 

The isolated heart-lung preparation was made as desonbed by Knowlton 
and Starliag(7). The systemic blood was taken off by a cannula m the 
braehiooephalio arteiy after ligation of the left subclavian artery and the 
aorta beyond ; and was returned to the heart by a cannula tied in 
the superior vena eava after ligation of the asygos vein. The mean blood 
pressure was recorded by a mercury manometer connected to the dde of 
Ijhe innominate cannula, and the side pressure <A the blood from the venous 
return by a water manometer connected with a cannula tied in the infie^or 
vena eava close to its entranoe into the n^t aunde To the ti^ of the water 
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manometer a amall piston recorder was attached for graphic leeorda , 0*1 gtm. 
of hirudm was added to the blood to prevent clotting. 

In the case of cats, the systemic sohema (consisting of the arterial resist- 
ance and venous reservoir) used was that described bj Knowlton and Starling , 
while the other experiments were made at vanons times with the different 
modidoations of method which have marked the evolution of the q^stemie 
schema, and which have been reported in the communieatioiis from the 
University College laboratory during the last two years. Beferenoes to these 
will be made in the disoussion of results, as the aeparato pointB brought out 
are considered 

In all cases the systemic output was measured directly into a graduated 
vessel by means of a stop-watch, and is recorded m cubic centimetres per 
10 seconds, the output per mmute being this observed figure multiplied by 6 

When the heart volume was recorded, a glass plethysmograph on the 
ventncles was used similar to that desonbed by Henderson (13), and the 
oardiometer was connected by air conduction with various recorders. 

In some experiments the mean pressures in the left aunde were recorded 
from a water manometer connected with a small cannula tied m the appendage 
of the left aunola 

The adrenalin (Parke, Davis and Co ) was nuxed with the blood m the 
venous reservoir, while the carbon dioxide was administered from a gas bag. 
The figures given of the percentages of COa m the gas bag can only iqfiproxi- 
mately show the percentage in the air at the trachea, as vanons types of 
artificial respiration apparatus were used, and were connected to the trachea 
by sometimes considerable lengths of pi^ng, sad as the side slot of the 
tracheal cannula was more or less open. 

SauUt, 

In the heart-lung preparation, as in the intact animal, tiiere are three 
ciielea of blood from one side of the heart to the other, one from tiie nght 
ventricle to the left auricle through the lungs and two from the left ventride 
to the nght side of the heart, one of which passes through the schema and 
represents the systemic drculation in the whole amnud, and the other passes 
through the coronary eizoulation. The total output of the left ventnde 
consists, therefore, of the systemic output, which was measured directly in 
our work, together with the output tiurough the coronary vessds, so the 
question of the relation of the coronary output to the qrstemio output under 
normal conditions and under the influence of carbon diomde and advenolia 
must first be considered, 

Briotum qf Coronary SiMu ifow (a$ Index ^•ToUd Coronary Cuipnt) to 
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Sffstemte OtUpvt — ^Evans and Starling (8) found a constant relation between 
the flow from the coronaiy smas and the total coronary output in the 
proportion of 3.5, Markwalder and Starling (9) proved that tho coronary 
flow depended on the arterial pressure, and, using the above figure as a 
basis for calculation, showed that the total output from the left ventricle was 
constant for a given venous inflow and independent of the arterial resistance 
within very wide limits They have confirmed also the observations (10) 
made previously, that adrenalin causes an increased coronary flow 

Table 1* contains the results of an experiment carried out on the heart-lung 
preparation in which a MorawiU cannula was mtroduced into the coronary 
sinus, and the blood flow through the coronary sinus and that through the 
systemic part of the schema were measured at the same tune The figures m 
column 10 (Total coronary circulation) were obtained by multiplying the 
observed coronary emus flow by the factor 6/3 It will be seen that m the 
two senes with the normal heart, the coronary output depends on the aortic 
pressure, while the total output la independent of the arterial resistance 
within wide hmits and is conditioned only by the venous inflow During 
the period of administration of carbon dioxide the coronary flow was the 
same as in the normal condition but it was increased markedly dunng the 
recovery period from carbon dioxide, while the heart was returmng to its 
normal state This increase was probably due to the accumulation of 
* metabolites * in the heart during the action of COs. 

Adding adrenalin to the circulating blood caused a great nse m the 
coronary flow, and this occurred also when adrenalin and carbon dioxide 
were given together. 

We have thus a guide to the interpretation of the results obtained m other 
experiments where the systemic output only was measured 

Syttemw or Ej^etstwe OuiptU vnth Gartxm Dumde arid Adrtmlm 
Experimsnta on Dogs . — The figures in column 7 of Table I show that the 
administration of COg may cause a marked falhng-off in the output per 
minute This dimmution may be small with low percentages of COg, but 
I have never observed an increosod output dunng the administration The 
diminution becomes more marked as the percentage of COg is increased , so 
that if the COg is strong, or a moderate percentage is administered for a 

* In ihi* and the other Tables, the following abbrenations are employed .~-AB. « 
preseare in mm Eg in air chamber surrounding the thin rubber tube forming the 
arterial renstanee B.P mean arterial preeaure lu mm Hgaemeaeured in the cannula 
in the innominate artery 1.V C. ■> preeaure m inferior vena cava tn mm V 8 
venous eupply >,•(-,•-* mamtained oonataat, inareaaed or dimmiahed. Systemic 
output ■■ output in C.0 per 10 aeoa. as measured on the venous aide of the artificial 
peripheral reaittanoe. * 



Table I — Dog, 9 8 kgrm. Heart, 142 5 gnn Heart-lm^ preparatum, with Morawitz cMimilft m ootonary 8iiia& 
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oonaiderable time, the output of the heurt may almost cease. With recovery 
from the effects of COi the output per minute is above normal, but this 
occurs only after the CO« is removed and ordinary air resiured Smoe the 
coronary output has been found not to be mcreased during administration of 
COa, the total output of the left ventnole is propwtional to the observed 
output and is thus never increased but suffers more or less dunmution. 

After adding adrenalin to the blood circulating through a good heart, the 
systemic output is observed to be about the value obtained before, unless the 
heart was failing , but since the coronary flow is inaikedlj raised, the total 
output of the left ventnole is usually increased Adrenalin sometimes can 
improve the condition of a heart that is working badly, or make the heart 
better able to work against a greater resistance , but with some hearts 
adrenalin is incapable of bnnging about an improvement 
When adrenalin and COa are combined m suitable proportions, the systemu 
output has been found to be mcreased , and, smoe there is also increased 
coronary flow, the total output of the heart may be greatly increased 
Examples of such findings are given m the protocols of Table II 
In Experiment 1, 6 per cent COa reduced the systemic output from 130 to 
96 cc. in 10 seconds, O'l mgrm adrenalin also reduced the output to 103 cc 
per 10 seconds, while with combination of the two together the systemic 
output was 125 cc In Experiment 5, oofnbming COa snd adrenalm 
increased the systemic output to more than normal Experiment 2 shows 
the greater effect of larger percentages of COa in reducing the output, 
while Experiment 3 shows that the same percentage of COa has a more 
marked effect when the arterial resistance is hi^ and the load on the heart 
consequently greater. 

The constancy of the output with constant venous inflow, even in the presence 
of varying rate and arterial resistance, has been msisted on in previous papers 
from this laboratory How then is it posmble for the output to be increased 
or diminished by COa, or adrenabn, with constant venous inflow ? The clue 
to the interpretation of the results is given in the effect of COs and adrenalm 
on the venous pressurSs (see below) The question is one of the diastolic 
pressure and diastolic filkng of the heart The higher the diastolic pressure, 
the smaller is the inflow under a given head of pressure , and it will be seen 
that COa raises the venous pressure, while adrenalm usually lowers it 
Prmures tn the Inferior Vena Cava and Left .dumfe.— These pressures 
represent (i) the side pressure of the blood flowmg mto the right and left 
ventricles, (ii) the damnung back (Stauung) of the blood m the anncles 
during the ventnoulax systole These two factors are present in the 
normally acting heart , but there may be also (in) a more marked abnormal 
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Table II — S jstemic Output 
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Expenment 3 (16 4 IS) — Heart 67 grm 
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Table II — 
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E^rperiment 4 (lo i 14) 
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Expenmeiit 5 (29 1 U) -Dog 0 46 kgrm , heart 44 grm , cardiometei on 

vent! idea 36 3" C 
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189 

.1 8 

6 0 

40 

40 
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34 5 

88 

200 

5 8 

7 *25 8 i>or c cut CO- 
0*0 


damming bock through the failure of Ihe ventnole to poHfl ou the blood which 
It reoeives in diastole 

COa canaes a use of venous pressure, winch is propoitionnl to the increust* 
i>f percentage of COa, and which is an expression of the slowei rate of 
inflow into the heart, and of the greater damming Iwusk due to the slowed 
relaxation With large pr-rcentages of COj. the third factor also comes in 
Hs an expression of the heart failing to pass on the venous blood it leceives 

Ifao addition ot adrenalin to a lieart m good condition lowers the venous 
pressures (fig 1) Both the contiactile pioci'ss and relaxation are more 
rapid, the heart is relatively longei m a relaxed condition and offers leas 
lesistauce to the inflowing blood , the heait also iiasacs on the blood lietter, 
and the side pressure of the fastei venous inflow falls. In good heatts 
adrenalin is able to dinunieb, or even counteract, the effect of the COj when 
the two are employed togethei 
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I VC 


UP 

60 nnn Hg 





Fio 1.— Ffieot of Adnuiahn on Infenor Vena Ca^a and Jieft Auiide Preaaum. I V»C 
pressure reduced from 260 mm. to 60 mm,, and L.A. from 260 to 100 , rate 
of heart increased from 22 beats in 10 secs, to 40 m 10 sees. 

Adrenalin can improve a heart that la not doing well, eo that it ie then 
able to work better In Table I, adding adrenalin enabled the heart to keep 
np itH output againet a higher arterial reeiatanoe than before But if the 
heart muaole u doing its work badly, or if the " contractile sabstaooe ** as 
used up, BO that the heart has lost the material with which it can respond, 
adding adrenalin may have no good effect, and the venous pressures remain 
high <see Expenment 5 iu Table III). 
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Table 111. — Yenoos Fnamum 
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Eii^nment 1 (23.10.13) — Dog 6*1 kgnn , heart weight 55 grm I 
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Expenment 2. — Dog, 

7 2 kgrm , heart weight 60 grm 
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Expenment 3. — Dog, 6 45 kgniL, heart weight 44 grin 
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Expenment 4 

— Dog, 5 5 kgnn , heart weight 46 5 grm 
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Experiment 8 — Dog, 3 kgrm., heart weight 33 6 grm 
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Ssg)enmmt» unth Oats . — Vanous difflcultiee were enoonntered in making 
the experiments on oats, the main ones being due to the sensitiveness of 
the lungs. The blood of several oats had to be used in order to get 
sufiknent to fill the tubes of the schema, and it seemed that the foreign 
blood was liable to cause oedema of the lungs, which soon brought Uie 
experiment to a conclusion, A typical example of the results obtained in 
a good experiment is given in Table IV, from which it will be seen that 
with various percentages of 00i no inotease m the output per minute was 
obtained, while the heart rate is reduced oonsidendily by the larger per- 
centages In other experiments, using the suck and thrust pump devised 
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by Hans Meyer, and using a cardiometer attaehed to vanoua forms of 
recorder, it was found that the output as measured was not moreased, 
although in some mstanoes the recorder showed an mereased ampliti^ 
of stroke Since the output through the coronaiy system is not increased, 
the difference between these insults and those of Jerusalem and Starlmg(4) 
probably lies in the inadequacy of the volume recorder used by them, which 
responded to the slower rhythm by a greater throw * On the other hand, 
oats are remarkably tolerant of COs as compared with dogs, and it is of 
interest to note that, m the only experiment with dogs recorded by these 
authors, the output was much reduced by administenng COg. 

Adrenalin alone reduced the systemic output, but when adrenalin fiud 
COa were used together the effective output was in some cases higher than 
in the normal preceding period 


Table IV — Cat Heart weight, 12 grin 
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13 5 
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84 

14*8 
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Heart Hair — With all percentages of COi in the inspired air there is a 
slowing of the heart rate, and this retardation becomes more marked as 
the percentage of COs is increased The slowmg sometimes lasts for a tune 
after the COa is taken off and ordinary air respired again. 

Adrenalin causes, under all conditionB, a quickening of the heart rate. 
With inhalation of 00a combined with the ugeotion of adrenalin, the 
algebraical sum of the above effects is noticed. Sometimes during the 

* Eetoham, King, and Hooker (11) found no inoreased output m the isolated caft 
heart 
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admiiustrataoa of COg aod adienalin l^e ventriole dro^ to halt Hr ptevions 
rate, due to hoart block 

Volume Chaiigee tn the ffeaH.—Dnxii^ the adouiiiatratian of COj the 
mean volume of the hmrt is shifted towards the diastolic side, while adrenalin 
causes a diininnUon m the tneaii volume. Thu is diown in ilg. 2 from curves 
obtained by thO method described m a paper by Ffihner and Starhng(12) , 
the protocols are given below 


Table V — Mean Heart Volume. 
Dog, IG‘4 kgrm Heart, 128 grm 
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During the administration of 1 1 percent 00s, thu heart, weighing 128 gim , 
inoreased 50 o.o. in oapaoity 

Fig .1 18 taken from an experiment m which the cardiac volume was 
recorded by a plethysmograph attached to an Albrecht puton recorder of 
brass with vulcanite piston. It shows tiiat the q^toho volume is first 
inoroased, followed by increase in the diastolic vdume during the same beat, 
the excursion being the same as before. The heart does not contract to its 
previous volume, but takes a new increased length. It may come to an 
equilibrium in the position of increased mean cardiac volume , but usually 
m our expeninsats the course shown in idle figure is taken and the heart 
contmues to dilate , the exoursione become smaller as the systolic volume 
increases more rapidly than the diastolic volume, so that the output per beat 
IS diminished and may even cease. The dilatation u greater, the larger the 
amount of 00^ in the air breathed. When the COt u removed and air 
respired, the heart tasumes its normal mean volume gradually, and as the 
systolio volume now deoreaeea more rapidly than the diastolio volume, the 
ennrsion of the lecotding lever (output per beat) is increased, and may for a 
time be above normal. 

When 1 0 . 0 . of a 1 m 10,000 solutum of adrenahn was added to the blood 
m the expcnmsnt (TaUe V), bringing conocntratKHi in the circulating 
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Fw. Carbon IHoxide (1) aiid A^ntAhn (li) on Mean fiaart Volume Bead from left to light. Protocols infT&ble V 

cardiac volume caused fall of lever 


Ai tion of Courbon Dioxide and Adrenaim on tAe Heart. 883 


•4 

I 


-Effect of CX)] on Heart Volume and Blood Pk^easure* Bead from left to , S\ stole downvaida , inci^iftsc^f cardiac ▼oliime caotied 
nae of lever Intervals 20 secs. Upper tracing, cardiometer , lower tracings bipod pressure 
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blood to aboQt 1 m 8,500,000, the mean heart voIbbm ^aumalied 17 6 o.e 
Tbia takes plaoe by the diastolio volume dSoraanog owing to kaaened tiine 
between each beat for Olhng with the tnoraaaed rate of tiie heart ; and aa the 
diastohc volume diminishes more rapidly than tiie aystolio (fig 4) tha output 



Fto. 4.— EfliKt of Adrenalin on JBwrt Tidume. Blood R eaai ir a. sad Fbaoua Bkeanue 
0 1 mgnn. admaalin added *( the airow Bead hum left to ni|dA> fijratoia down* 
wards , decreaaa uf caidiae volnma caused fiB of tover. 


per beat u leas. With reeovaiy from adranalio, the naan heart valnae is 
greater than before its admiaiatiatioii. A heart woridii| had^ and not 
dealing well with its vonous iafiow, so that tha veaoaa praiHm la lifllhi or a 
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heart working against a high arterial resutanoe, maj dilate even in tite 
presence of adrenalin. 

OombimDg the administration of COi and adienalm m proper proportionB 
may keep the mean heart volume constant, nsually m a position shifted to 
the diastolic side , and the increased ezcnrsions of the lever (fig 6) oefiespond 
with the increased oatput per beat and output per minute descnbed above. 


I ir HI IV 



Fia. A — Ourdiac Voloins and Blood Vmrnn, HhowiDg effort of combining 00^ and 
Adrenalin (1) Normal , (II) adrenalm ; (III) 00| and adrenalin , (IV) CX)^ off, 
recovery Bead from left to right Intervale 8 mine Systole downmmls , mcrtaiK 
of heart volume oaueed nee of lever 

4 

Form of ike Heart Volumr Curves — ^These curves were obtamed by meano 
of a glass plethysmograph on the ventnoles, the movements being cairied by 
air transmission to the brass piston recorder with vulcanite piston made by 
Albrecht. The movements of the piston were arranged to write in a vertical 
plane and recorded on smoked paper (fig 6) 

Kormally, the form obtained by this method consists of a rounded curve, 
reaching its minimum usually with two pomts at which the curve changes to 

TOI* UKXVIII— B. 2g 
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L ri. IV 



Fto. 6 — ^Ventncsttlar Volume Curvee. Bead from left to light. Syvtolc dowawarda 
Time 1/0 Reomid (I) Medium venoua inflow, nmmal, G(^ adrenalin , (11) amall 
venoue inflow, adrenalin ; (HI) full venouH inflow, adrenalin, adrenalin with OC^ 

be more convex to the abscissa, as the blood is driven out more slowly 
towards the end of systole. Diastole sets in rapidly and continues till, after 
about two'thirds of its course, it becomes less rapid, and tiien rises again 
parallel to its original curve to the maximum diastolic position, when the 
curve turns sharply into the downstroke of ventncnlar ^tole. With 
greater or smaller filling, the sbajie of the ourve is steeper or mote 
gradual , but only with hearts abnormally slowed by vagus stimulatioo is 
there a diastolic portion runmug nearly parallel with the abscissa , the 
part appearing to lun parallel with the abeoieaa for an instant and inter- 
rupting the usual diastolic cum being probably due to the vmitncles being 
drawn up slightly through the movable elastic diaphragm of the caidiometer 
by the ooutraoting auricles. 

When COs is administered, the systolic downstroke is less steep, wlifle 
the diastole is lengthened so that the next auricular systole ocours at the 
time that the heart volume has reached the maximum diastolio position. 

With adrenalin the systolic downstroke is steeper than normal, and then 
Teaches the minimum gradually, while the diastolic expansion is mtermpted 
by tlie next auricular systole before the maximum dilatation is leached In 
many oases, with small venous inflow, the heart volume curve presents a flat 
top, the systole oontmuing after the ventricle bus expelled the blood m it 
This is especially marked in curves obtained with small venous inflow after 
imeetion of adrenalin, when the m^or part of the output per beat is ejected 
111 the hrst part of systole 

With full venous supply after adrenalin the s}^tolic and diastolio parts of 
the ourve are smooth and rapid ;* but when CO» is admmistored at the same 

* Tlie gnioothtieai of the curve with adrenalin, however, le probably due to tiie period 
4if the reoordei being too slow , for uimg the recorder deeigned by Piper(14X m Berlio, 
■which turns the volume changes into pressure dtaages sad records these by a beam of 
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time the systole of the ventricle is slower, and the next aoncalar systole 
shows 08 a well marked interruption of ^ diastolic put 

JMoeordtae Pressure — The curves were obtained in Berlin on the heart- 
Inng inreparation by means of the small manometers designed by Piper (15) 
ancosdiBg to Frank’s speoihcations, and reoorduig]^otographically Figs 7 and 
10(1) show the effect uu the form of the mtraventncnlar pressure curve of 



Fm. 7 ~ Effect uf 12 pel oout 00^ on Left Auricle and Ventricle Bend from light to 
left Experiment 3, a, Table VI 
(ri) Normal, T 34 2, B P 102, 1 VC 12, OP 101 c.c in 10 sees 
(t) 12 pel cent CO* T 34 2, B P 1(», I VC 30, OP ' 

small percentages of COa in the air breathed , the isometno period is not 
•0 steep as in the normal curve, the ventncle taking a longer time to 
develop the same amount of pressure (see Table YI, 1, 2, 3, 5, 8) The 
total length of systole is longei, and relaxation is slower, but it is a delay 
ot the whole process of the heart cycle, and the proportion of systole to 
diastole remains about the same as in the normal beat The maximum 
pressure exerted by the ventncle is usually a little lees, 108 mm Hg, as 
117 mm in the normal, with the same venous supply and same 
arterial i-esistance (Table YI, Experiment 3) 

After adrenaUn the ventncle more rapidly reaches a oertam tension in the 
isoBtatne period,* and relaxation is also rapid , but the total diastolic tune is 
prfl^rtionally longer than normal For instance, m Expenmenta 6 and 7, 
TsMe YI, the diastole represented 52 per cent of the total heart cycle, 

bght reflected from a niirror, we found the interruption due to auricular Hystole well 
marked, even with full venoiu eupply after adrenalin. 

* Wiggere(16) haa already noted this m the right ventmsle 



Table VI —Bote and Force of Contraction and fielazation 
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Fig 8 —Left Auncle and Ventricle before and after Adrenalin Bead from nght to left 

Experiment 6, l>ible VI 

(a) T 35 6, B P 84, 1 V 0 SO, O.P. 104 c c. in 10 eeca., rate 24 0 m 10 eece (normidX 
(A) T 36 4, BP 84, 1 VC 10, OP 194 C.C. m 10 eeca., rate 38 m 10 eeca. (aJW 0*1 mgm. 
adrenalin). 
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and after intjeoting adrenalin, diastole was 63 per cent, of the total heart 
cycle. The shortening of the time of the contractile period is so great 
that, even with Iho increased rate of heart-beat, the heart is m a state of 
ocmtraotion for 3 7 seconds in 10 seconds, as against 4 8 seconds in 10 seconds 
in the preceding normal period In the heart cooled by coohng the inflowing 
blood, the proportion of diastole to total cycle is 60 per cent Evans and 
Ogawa (17) have found the metabolism of the heart to be increased by 
about three times after injecting adrenalin. Since the time per 10 seconds 
dunng which the heart is in a state of contraction is shorter than in the 
normal penod, adrenalin seems to have a specific efTect in mobilismg the 
“ contractile substance,” or in exaggerating Uie changes taking place on the 
'‘active surface” of the muscle fibres dunng contiaotion That the heart 
behaves in quite another manner after injectmg adrenalin is shown in 
fig 8, the protoools of which are given in Table VI, 6 and 7. They show 
the more rapid development of tension in the isometnc penod, the great 
nse of maximum pressure (116 to 314 mm Hg) as the blood is shot 
violently out of the ventricle, and the relatively short duration of the 
whole contractile process For a similar effect on the nght ventricle, see 
hg 10 (2), protoools in Table VI, 5. 

When COa and adrenalm are administered together, there is a slightly 
lengthened time to get up a certain tension m the isometnc penod , the 
maximum pressure in the ventricle attains a greater height than before, and 
there is marked lengthening of the diastolic penod, thus allowing time for 
greater filling before the next systole begms [figs. 9 and 10 (3)] 

Output per Beat — During the inhalation of COa in percentages from 3 to 
11, the output per beat is equal to, or even greater than, before ; but with 
percentages of 12-20, or.more, the output per beat is dunmished, and there 
may be no flow of blood at all. When the COt is removed and oidinary air 
breathed again, the output per beat is greater than before the COa, since the 
effloiency of contraction of the heart recovers before the late again becomes 
ninrmal. 

With adrenalin, the output pec boat is diminished Inhalation of 00s 
combined with addition of adrenalin, gives an output per beat, if the dosage 
IS adljusted, equal to, or greater than, the normal (fig 6) 

.Ae-Vs Interval — Adrenalin shortens the a-v interval. Small percentages 
of COj in the air breathed cause little or no alteration in the interval, but 
with larger percentages (above 12 per cent.) the interval is lengthened ; when 
Qombmed with adrenalin, COs still has not much effect , but sometimes with 
large amounts of COs the heart rate drops to half, and a 2 1 heart-block is 
set up Lewis (md Mathison (18) found heart-block to be of regular occurrence 
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Fig 9 * of Adl^Ilalll^ aud Adrenahu euiubmed with CO^ on Loft A uncle and 

Ventricle Bead from loft to right Expenment 2, Tablo VI 
(u) T 35, B P 90, 1 V C 70, O P 100 c c m 10 secs (after adrenalin) 

(b) T 85, B P 00, 1 V C 70, O P » (adrenalin and 00,^) 



■4 

Fig 10 (1), (2), and (3) -^-^Bight Ventricle and Pulmonary Artery Read from right td kit 
Pig. 10 (1) “-Effect of 00^ Experiment 8, a, Table VI 
fa) T 305, BF 92, LVC 22, OP 100 cc inlOseCM (normal) 

(6) T 305,BP.92,IVC 90, OP I (6peroent 00,) 
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Fig 10 (:2). - Effect of adi^nalm, Expennieiit 8, 6, Table VT 

(а) T S6 B.P 92, 1 V O. 38, O P 128 c c iij 10 Been (noraial) 

(б) T 30 6, B P 92, 1 V C 12, O P ? (aftei 0 1 tugira adrenalin) 


f 

4 


Fig. 10 (3) - Adrenalin and 00^, Expeniuent 8, Table VI 
(a) T 36 0, B.P 92, 1 V C 12, 0 P % (adrenalin alone) 

<6) T 30 7, B P 96, 1 V C 22, 0 P 124 c c m 10 aece. (adrenalin with 6 i)er cent 00^ 
VOL. LXXXVin~B 2 H 
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in aapbyxtaand independent of inhibition , andMathiflott<19) found theoanae 
to be due to laok of oxygen rather than exceas of COi in the a^nal animal ; 
bnt obaerved that heart>blook may oooor with large doaea of 00a even in the 
preaence of auibcient oxygen. 

Summar^f and Ditcutawn of Bemita 

Beoent work on ccmtraction of skeletal mnaole has tended to eatabliah 
more and more the view that the phenomena of oontraotion can beat be 
described by reference to alterationa of the anrfaoe meigy of the mnqple 
elements, and the length of the mnaole fibres is a measure of the snifisoe 
of action. In the heart the mean volume la the guide we have to the leugth 
of the muscle fibres, and it has been shown (20) that the heart teaota to 
moreaaed work by increasing its mean volnme, whether the ineteaaed 
work is evoked by greater diastolic mfiow or greater arterial resutanoe 

It will be seen, fh>m the results given above, that COt m all doses 
appears to have a depressant action on the functions of the heart, the 
contractile stress is developed more slowly, the heart taking a greater 
mean volume to carry out its work, but if the COa is contmued, the 
observed output diminishes. Since the coronary ououlation is unaltered 
this indicates a diminution of total ventncular output, and the venous pies- 
sure rises owing to the damming back of blood in the veins 

Adding adrenalin to the blood oirottlaling through a heart whioh is capable 
of responding, causes inoreased rate of oontraotion and rate of development 
of oontraotile stress ; the heart can develop the requisite tensum mote easily 
and from a position of shorter mitud length, so the mean heart volume is 
shifted to the systolic side. Adrenalin ewms to have a qieoifio action in 
mobilismg the “contractile substance ” end increasing the energy ohangea 
taking place at the surface of the mnaole fibres during oontractiom The 
result is that the venttiole contracts violoitly and the blood is expelled under 
great pressure mto the aorta. The coronary perfusion is greatly inoreased 
and Ae nutrition of the heart unproved. Belaxatum takes place rapidly, 
and Binoe there is no resistance to the inflowing Uood the venous pressure 
falls, but the onset of the next systole comes so early that the filling of 
the heart, and consequently the output per heat, are less than normal, but 
the total output of the ventricle per mmute is equal to or greater than 
normal. 

With C0| and adrenalin combined m proper doses we still obtain greater 
rate of contraction and relaxation, bnt the whole diastohc period is 
lengthened; thus there is time for greater filling, and there is moreaaed 
output per beat and per mmute This inc ieaso d obaerved systemic on^ut 
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IB accompanied by an incraase in the coronary output^ so that the total 
ventnoular output is above norma! The slower contraction is also more 
effective in dnving a mass of blood into the aorta instead of firing it out 
suddenly. 

Cannon (21) has recently summarised the evidence of the significance to 
the organism of the function of the adrenal medulla m times of great 
emergency We have found that the heart muscle is not only better 
nourished by increased coronary supply^ but the contractile process is also 
strengthened in a specific manner We have probably obtained in the heart- 
lung schema with maximum venous inflow and pioper proportions oi 
and adrenalin, the conditions occurring in short severe muscular exercise^ 
where the muscles of the arms and abdomen are contracted, while the legs 
are active, all aiding the venous return to the chest, tlie increased depth of 
respiration also assistmg the venous loturn. The small excess of COa is both 
the call to the secretion of the adrenals, winch dilates the coronary vessels 
and strengthens the cardiac contraction, and the cause of the lengthened 
diastole and time for greater filling, so tliat the maximum output of the* 
heart can be obtained 


Cmirhsions 

1 Carbon dioxide alone depresses all the functions of the isolated hearU 

2 Adrenalin, besides dilating the coronary vessels, has a specific action m 
increasing the rate and strength of ventricular contraction 

3 The effect of carbon dioxide and adrenalin combuied is still to allow of 
more rapid and stronger contraction and rapid relaxation, and also to lengthen 
the diastolic penod Thus greater filling of the heart takes place and the 
heart is m a better condition for putting out a maximal output 

I have much pleasure in recording my thanks to Prof Pipei, of Berlin, for 
his assistance with the ondooardiac pressure tracings, and to Prof ^Starling, at 
London, for the initiation and successful carrying out of the whole work 
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The Influence of ScUt-ConeetUrcUion on Hcemolysis 
By W W C Toplky, M B , M R.C P , Bacteriologist to Charing Cross Hospital 

(Communioated by Dr F W Mott, F B $ Received November 26, 1914 ) 
(From the Baoieriologioal Department of Ghanng Cross HoapitaL) 

The question of the effect pf solt-oonoontration on the phenomena involved 
in hipmolysis has already received a considerable amount of attention 

Nolf originally showed that the presence of certain salts, in definite oon* 
oentrabons, inhibited htmolysis, and his observations have been repeatedly 
confirmed 

Markl, working with acid sodium phosphate, showed that the introductuon 
of this salt into alieemolytic mixture caused complete inhibition of luemolysis 
when a certain concentration was reached He was also able to show that 
the presence of this salt did not prevent the combination of the antibody 
with the red cells. He therefore concluded that its action ponsi st ed m so 
influencing the osmotic relations of the oell membrane that the complement 
ooul4 not be fixed upon it He found that this action was not specific for 
acid sodium phosphate, but could be observed with other salts, notably with 
hypertonic i utions of sodium chloride itself. 

These lesuits were confirmed by Ehrhoh and Sachs , but these authors, 
interpreting their findings in the light of the nde-ehun tiieoty, believo that 
the action of the inoteased saline concentration is produoed by preventing 
the chemical union of the amboceptor and eomplsmeut, and not by any 
change in the osmotic relations of the cell membrane 
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It IS of interest to note that Muir and Browning have shown that the 
addition of sodium chloride to fresh serum, m quantities suiBcient to inhibit 
the hfismolytic action of complement, also prevents the letention of the 
oomplemeni in the pores of a Berkefeld filter 
The following investigations were undertaken in the hoj^e of throwing 
further light on the part played by salt-conoentration in preventing the union 
of red cells and ooniplement 

Attention has been confined throughout to the action of varying strengths 
of sodium chloiide 

Sheep corpuscles, three times washed, have been employed as the t^st red 
•cells, and fresh guiiiea-pig serum as complement The inactivated seium of a 
rabbit, immunised by repeated intravenous injections against sheep’s red cells, 
provided a powerful hoemolytic antibody 
It seemed desirable to commence by repeating Markl’s experiments, 
simplifying them m certain directions Without entering into details of the 
•experiments performed, it may be said that Markl’s conclusions were 
entirely confirmed, and that no action of the increased salt^concentration, 
other than the prevention of the combination of the complement with the 
sensitised red cells, could be demonstrated 
Markl also showed, m the course of his experiments, that by adding 
increasing amounts of a hsemolytic serum it was possible to produce lysis in 
the presence of increasing amounts of acid sodium phosphate He, however, 
lemployed an active serum containing hicmolytic antibody and complement, 
iind made no attempt to investigate these two factors separately An attempt 
was therefore made to estimate quantitatively how far the anti-liH*mol>tic 
action of the moreased salt-concentration could be counteracted by increasing 
ihe concentration of the hsomolytio antibody or of the complement 

The following experiment is a typical one, and the results obtained in it 
^were repeatedly confirmed 

— In this and similar tests, since it was desired to determine 
the increase in htemolysis resulting from an increase in complement or anti- 
body content oonsisting of a definite number of beemolytic doses, the guinoa- 
pig serum was first absorbed fur 2 hours at 0° C vnih. excess of theep 
oorpusdes , and a preliminary senes of tests was put up to determine the 
jmmmal hminolytio dose of this absorbed serum. 


2 I 2 
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M.H D of Haanolysm s= 0 05 o.a of a 1/260 dilataon. 

M H D of Complement » 0 03 c.o 

Amount of Test Corpuscles ss 0*05 c c of a 50-per-oent suspension 




Hcemolysis in 1 hour at 37° C 
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Note — The two neneN are not stnctlj comparable, beoanao, wbile it was always pounble to add the 
doses of bvfmolysin as 0 06 c c of a saline dilution, the amount of oomplement added neoessai^ly Tamed 
The last senes was the only one in which the amount added was sufficiently large to senously influence 
the salt concent ration, and here the values, instead of varying from 0 6 to 2 S per cetA,, nagoit 
approximately from 0 8 to 2 38 per cent In the senes oontainiiig 100 Af H D of hamiDlysin, the tubes 
which showed little or no hieniolysis showed marked agglutination of the red cells | but thie also 
tU«creased, and finally disappeared os ilie saline concentration increased 

Having thus confirmed Markl's observation that increased a*lina e«i' 
centration mbibits the combination of the complement with the 
red cells, and, further, that this inhibitory influence can, to a certain extent, 
bo oounterbalanoed by increasing the amount of hamolytic antibody pieaent, 

It was natural to attempt to determine whethei, in hypotonic solutions, the 
amount of antibody necessary to cause lysis would be decreased , and, finally, 
whether it was possible for complement to combine with red oells without 
the intervention of hsmolytic antibody m mixtures oonUining httle or no 
lonisable salt 
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In conflidenng the results obtained during this port of the mvestigation, it 
IB necessary to bear in mind the action of hypotonic or salt^free media on 
complementary sera, especially the phenomenon known as complement- 
splitting. 

An observation made by Sachs and Termuohi in 1907, whilst studjnng the 
inactivation of complement in a salt-free medium, has an important bearing 
on the problem m hand These obsei-vers found that guinea-pig serum alone 
was capable of causing a more or less marked degree of lysis of ox corpuscles 
in a salt-free medium, made isotonic by the addition of 78 per cent 
saccharose, while the same serum had no lytic action m normal salme 
solution They were not, however, prepared to admit that this phenomenon 
was really comparable to the hsemolysis which takes place m a mixture of 
red cells, hiemolytic antibody and complement They found that, while the 
complement alone produced luemolysis in saccharose solutions, but not in 
normal saline, complement acting together with a specific hsemolysm always 
produced more lysis in saline than m saccharose solution , and, in some cases, 
lysis was entirely absent when a complete hmmolytic system was allowed to 
act in a saccharose medium, but well marked when the same system inter- 
acted in normal saline solution They noted, however, that inactivation for 
30 minutes at 55*’ C destroyed the power of the complement to produce this 
abnormal luemolysis, and suggested that it might be due to " a peculiaiity of 
the normal hamiolysin ” 

A large number of expeiiments were undertaken in order to further 
investigate this phenomenon It is only necessary to present here the mom 
results obtained , but it should be noted that difibrent specimens of serum 
obtained from presumably normal guinea-pigs gave very varymg lesults, 
while a single given specimen often showed marked changes within 24 to 
48 hours though stored on ice 

The specimens of serum vary in two ways, in their power of inducing lysis 
in salt-free medu and in their resistance to the anti-complemcntary action of 
such media , and these two vanations do not run parallel. Thus, a given 
specimen of serum may be actively lytic in a salt-free medium, but be easily 
inactivated by this same medium in the absence of red cells, while another 
specimen may be feebly lytic but suffer only a slight degree of inactivation, a 
third being actively lytic and markedly resistant to the inactivating action of 
the salt-free medium 

The specimens of gumea-pig serum used in these expenmente were aheorbed 
at 0^ 0. with sheep's red calls for a penod varying m different experiments 
from one to two hours, in order to remove any trace of normal btemolysin 
that might be present. It was found that the great nuyonty of sera so treated 



400 


Mr. W, W. C Topley. 


had a definite lytic action on sheep corpuaeleB when allowed to act on them 
for one hour at 37® C in a salt-free medium, the hiemolysis vaiying with 
different sera from the merest trace to complete solution 

A few sera which, when untreated, produced hcemolysis, failed to do so after 
the preliminary absorption, while a few others produced no lysis before or 
after treatment The lysis was never very rapid , thus m no case was 
complete solution ever observed m less than 30 minutes 
Inactivation at 55° C for 30 minutes rompletely'lestroyed the activity of 
every specimen of serum examined in this way 
In a preliminary senes of experiments fresh guinea-pig serum was absorbed 
with sheep corpuscles, and then varying amounts were added to 0 05 c c of a 
5O-per-C0nt Buspenaiou of sheep's red cells contained mice of 7 S-jier-oent 
sacchaniso solution The following results may be taken os typical — 
Expmvient — senes of tubes was put up, each containing 1 cc of 
7*8-per-cent saccharose solution and 0*05 c c of a 50-per-cent suspensioa of 
sheep corpuscles Varying amounts of the complementary serum were then 
added and the whole series incubated at 37° C for one hour A control tube, 
containing the same amount of red cells suspended in 7 8-per-cent saccharose 
solution to which had been added 0*8 per cent of sodium chlonde,^ and the 
maximum amount of complement employed, was put up, also a similar tube 
with the addition of 4 M H 1). of htemolyfaiu 


I Amount of (H>mpLemeut 
I addeil U> isalt free tuben 


• 0 06 
0-076 
0-1 
0 125 
0 16 
0 176 
0 2 
0 225 
0 25 


Hnmolyiis lu 1 hour I 

flt 37'’ C j 

None I 

Moderute 

Marked I 

Slight i 

Trtvoe 

None 1 

*) 

11 

II 


I 


ControU 


H»molyiij« in 1 hour 
at arc 


In 1 Lo of 7 8 per-ceut socthuroie contaimug 0*8 per cent 
■odium chloride — 

1 1 ' 0 06 > I n 1 < e 14 + 0 2.j ( < eir.n ( 

l2) •! OV i nni icMh-i-O JG * ( ^^Mipioment -f 4 MTID 
httxnoljHu 



* Thw medium la hereafter referred to as “ ninrmal aalmeHacdianiae aolntton." 
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It 18 clear from this experiment that only a certom definite vnonnt of 
complement will cauBe hminolysM, an mprdaae or decrease in this amount 
leads to a rapid reduction and final disappearance of the lytio action 

These results are wholly unlike those obtained when working with a 
complete htomolytic system reacting m normal saline solution It seemed 
possible that they might be explained by the hict that in increasing the 
amount of complementary serum we necessarily mcrease the amount of 
electrolytes, and that lienee we might pass the limit at which complement 
could be absoibcd by the ted cells in the absence of a hwniolytic antibody 
Experiments carried out to test the validity of this explanation gave ver} 
definite results 

MmpeTLment — A senes of tubes was put up, each of which contained 1 c c 
of 7 8-per-cent saccharose and 0 05 c c of a 60-per-cent suspension ot 
washed sheep corpuscles After the addition of the constituents mentioned 
below, the whole senes was incubated fur one hour at 37° C 


Tube 


1 Hninolvau in 

1 1 liour al zr V 


Kath tube oontauied 1 c < of 7 8 per cent ttaeiharo^e Holutioii + 
0 *06 c c rod eolla 

1 

1 

1 

+ 0*()5cc (omplemcnt 

1 Almost (complete 

2 

+ 0 10 „ 

! None 

* 

+ 0 26 „ 

1 

4 1 

+ 0 06 „ +0'06ct 0 8 per cent nabiio 

1 Slight trace 

0 j 

1 +0*05 „ +0 20 „ 0 8 „ 

j None 

6* 1 

1 +0-05 „ 4*0*05 „ liisiuolysiii 

Complete 

1 

None 

7 1 

+ 0 05 „ +0 20 „ 

6 1 

1 +0*06 cc i47nipleineut + 0*05 cc lirataolyum + 0*06 t ( 

mactivatd d i^onipLement 


* Iho linuubMii wu with nonnal mhne ao that 0 06 ( i contaiiinl 2 M H 1) 


This experiment shows that it is the laised salt concentration which pre- 
vents the luemolysu in the tulies containing the higher quantities of comple- 
mentary serum Thus, 005 cc of complement causes almost complete lysis 
while 025 cc causes none. But 005 cc of complement -f OJO oc of 
0$-pei-oent saline also produce no lysis 
It will be noted also that in this experiment tiie addition of a hssraolytic 
serum causes increased lysis, but if we also odd 0 05 c c of the same serum 
which was employed as complement, previously heating it at 55^ C for 
30 minutes, no lysis results Here, agam, the effect of mcreased saline 
concentration in combating heemulysis is clearly seen 
These results help to explain those obtamed by Sachs and Terruuohi, 
which led those observers to deny the ideaUty of the luemolysts produced 
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by complement alone m salt-free media with that produced by a epecific 
luemolysm m normal saline. . 

The dilution of a complementary serum with 10 tunes its volume of 
7 S-per-cent saccharose solution, and the subsequent inouhalaon of the 
mixture for one hour at 37® C , destroys the activity of the complement, but, 
tf we add 0*075 oc of oomplonient to 1 cc of 78-per-cent, saccharose 
solution, oontaming 0 05 c.c of a 50-per-oent suspension of sheep corpuscles, 
and then incubate at 37® C for one hour, we shall obtain a more or less 
marked degree of haemolysis This can only mean that the complement 
which has become attached to the red cells is no longer subject to the 
jdestructive action of the salt-free medium Thus, it is clear that the 
addition of a heemolytic serum will only tend to mcrease heemolysis, if the 
increased tendency to combination of red cells and complement, caused by 
the hmmolytio antibody it contains, is greater than the decreased tendency 
to combination resulting from the increased saline concentration Foi 
unless combination is fairly rapid the destructive action of the markedly 
iliypotonic medium on the complement will come into play It follows that 
vre should expect very powerful luemolytic sera to increase lysis under these 
conditions, and weak ones to decrease it 

In getieial, the active sera, which are obtained by immunising rabbits 
egaiust sheep corpuscles, tend to markedly mcrease hiemolysis m saccharose 
flolutions , but this is not always tlie case, and m some experiments it was 
found that more lysis occurred with complement alone than with complement 
and haemolysin, thus confirming the observation of Sachs and Terruuohi 
The addition of serum, or scrum diluted with sahne, seems always to act 
more powertully lu inhibiting htemolysis in salt-free media than does the 
addition of an equal amount of normal saline solution alone , and, although 
the hremolj tie sera here employed were always greatly diluted, it is possible 
that this factor came into play 

Keepuig these facts in mind we may pass to the consideration of experi- 
ments m winch varying amounts of bmmolysin were allowed to act m vary- 
ing strengths of saline m 7 8-per-cent saccharose solution, in the presence of 
0*05 oc of a 50-per-oent. suspension of sheep corpuscles and 0*06 c.o of 
complementary serum 

JBsepenmnt —Each tube contained 1 c c of 7 8-per-oent. saccharose so luti on 
to which had been added varying amounts of sodium chlonde. To each tube 
was added 0 05 o c of a 60-jier-oe&t suspension of sheep corpuscles and 
0 05 oc oomplemsnt To each tube was then further added the amount 
of hscmolysin mdicated m tlie left-hand column. Ibis licemolysin waa wd rH 
OB 005 0 0 of a dilution of the required strength in the 
solution Incubation was carried out for 1 hour at .37® C. 



Percentages of sodium chlonde id the sacdiarose solution 
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From this experiment it is dear that — 

(1) When no hcemolytic antibody is added, hsemolysis only occurs in the 
tub^ wluch contains no salt, except the amall quantity present in rim 
0 05 c c of guinea>pig serum employed as complement 

(2) When amounts of hieinolylic antibody are added below the minimal 
hiemolytic dose (previously determined for hiemolysis occurring in normal 
saline-saccharose solution), the degree of lysis at first increases os the salt 
concentration decreases. For mstanoe, while 0 l^M H D produces only a 
trace of hremolysis in 0 8-per-cent saline it produces moderate hsemolysiB m 
the tubes containing 0 56 per cent to 0 44 per cent eodium chloride , and, 
while 0 5 M H D produces marked hmmolysis in the presence of 0*8 per cent 
sodium chloride, it produces complete hsemolysis m the 0 5-per-cent solution 

(3) When, however, the lower concentrations of saline are reached, the 
anti-oomplemeutary factor comes into play and thehiemolysisagam decreases. 
The hsemolysis in almost all cases reaches its muumum m the tube contaiuing 
0 2 per cent sodium chloride, probably for the reason that this amount of 
salt IS Huthcient to prevent or delay the union of red cells and complement, 
unless a considerable amount of haemolytic antibody is present, while the 
hypotomcity is sufhciently marked to rapidly destroy riie activity of the 
complement 

It will be noticed that, although the haemolysis m the great majon^ of 
the tubes presents an ordered variation, certain tubes show irregular results , 
in the above experiment, for instance, the tube containing 1 MH.D m 
0 72-].)er-cent saline and that contaming 10 M H D in 0 2-per-cent, salme 

Several similar expenments, however, all yielded results agreemg m all 
substantial particulars with those indicated almve, though in all there were 
individual tubes which showed irregular haemolysis One factor which 
accounts for this is that the oells tend to sink rather rapidly in the 
saccharose solution, and sometimes undergo agglutination, while m a few 
cases the cotpnsoles show marked agglutination in the saccharose^ solution 
before any serum is added, though they remam evenly distributed m control 
saline tubes 

Having established the fact that, in passing from markedly hypertonic 
to markedly hypotonic saUne solutions, less and less haemolytio antibody is 
needed to bring about the union of red cells and complement, and that, when 
a completely salt-free medium is reached, this union takes place it 

seemed necessary to enquire further into the nature of riiis direct or unaided 
combination 

We know that when dealing with a mixture of red hmuolytie 
antibody, and complement, reacting in a medium of noimal 
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the red cells uid antibody combine at a temperatare of 0^ G , while the 
further combination of complement with the red-oell-antibody complex only 
occurs when the temperature is raised 

An attempt was made to determine whether the combination of red cells 
and complement in a salt-free medium conformed to this rule, as we should 
expect if the union were really a direct or unaided tme This observation is 
of considerable importance, since it would obviously be theoretically possible 
for an antibody to be involved, which was present in the guinesrpig serum, 
but which only acted in salt-free media, and which therefore was not removed 
when the undiluted serum was absorbed on ice with sheep corpuscles. 

The following expenment yields a definite indication as regards this 
possibility — 

Experiment — A number of tubes were prepared, each contaming 1 c c ot 
a 7 8-per-cent saccharose solution To one, red cells and complement were 
added and incubation was carried out for one hour at 37° C. This tube was 
controlled by another containing the red cells and complement m 1 c c. of the 
normal saline-saccharose solution To further tubes of saccharose solution 
were added in some oases red cells and complement, and m others complement 
alone, and these tubes were kept for one hour at 0° C Some of these tubes 
then rapidly oeutnfugalised, and the supernatant fluid and deposit tieated as 
indicated 

The red cells were added as 0 05 oo. of a 50-per-cent suspension m 
saccharose solution , 0 075 o c of complementary serum was added in every 
case 

T 

j Hemolyaifl 

I Inouhation for 1 hour at 87® 0 — 

(1) Complements red oelli* in Baeebarofle ' V(»rv marked 

(8) „ „ „ -0 S ,<<1 .1 I Nim I . N«>m 

1 hour at Of® C followed by incubation for 1 bo i- u 37 ( 

following treatment — 

' (3) Tube oootaimiig red cells 4 complement eliakeu 

(4) Deposit from one (rod cells 4 complement) tube 4 supernatant 
fluid from another 

(6) Bupeniatant fluid from one (red oelU 4 complement) tube 4 fresh 
red cells 

(6) Deposit from one (red cells 4 <K>mplement) tube 4 1 of 
saoebarose solution 

(7) Sutwmatant fluid from a tube oontainmg complement alone 4 
fresh red oelU 

(6) A tube oontainmg complement alone shaken 4 red cells 

From these resulte it fdlowi that’ — 

(1) The red cells do not absorb the whole complement at 0° 0 , emoe when 
are eepanted by eentnfugahsation and, after being anqiended in fresh 


Verj marked 

i> tt 

f* 

None 

Very marked 

I* II 
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Httooharoee aolation, are lucabated for one honr at 37* C., they undergo no 
hfemolysiB. 

(2) No antibody capable of combunng with red cells at 0* C y involved, 
aitioe the aupematant fluid after one hour’s absorption on ice is oapaUe of 
luemolyaing fresh led cells. 

It IS important to note that in this experiment the complement is not 
appreciably affected by the dilution with salt-free aaccharose solution at 0® C., 
Binoe when a tube containing this mixture was centnfngaliBod the supernatant 
fluid was capable of liaimolysing added red cells on farther incubation at 
37“ C 

A somewhat different result was, however, often obtained While the 
deposit from a tube containing led cells and complement m saccliaroee solution, 
which liad lieen kept for one hour at 0“ (J , never showed any traoe of 
hsemolysis when suspended in fresh saccharose solution and incubated for a 
second hour at 37° C., it frequently happened that the supernatant fluid 
tailed to produce more than a traoe of haemolysis when incubated at 37* C 
with fresh corpuscles In. such cases it was always found that, if the tube 
containing complement alone m saccharose solution was similarly kept tor 
one hour at 0° C , then oentnfugahsed and the supernatant fluid added to 
fresh red cells, only a trace of htemolyms occurred upon iurtber mcubation at 
87* C It IS therefore clear that the failure of lysis is due to the action 
of the salt-free meiUum on the oompletuenlary serum, and not to any fixation 
of the complement by the red cells in these cases At the same time, it was 
found that if the supernatant fluid from one of these tubes containing 
complement only was added to the deposit from a tube which, durmg the 
preliminary treatment at 0° 0 , had oontamed both red cells and oomplement, 
then a degree of lysis resulted durmg the second hour’s incubation at 37* C . 
which corresponded with the hsemolysis which occurred when a tube 
containing red cells and complement in saccharose was inoabated at 37* C , 
or kept on loe for one hour and then shaken and luoubated for another hour 
at 37* C 

Tins clearly iiidicatea that some ^lart of the serum has been precipitated 
and 18 present with the red cells in the deposit In other words a 
degree of complement-splitting has taken place. 

From other experiments performed during this part of the mvaetigation 
this does not seem to be the whole explanation. It was found in many 
cases that, when a tube containing oomplement alone m naechg irn fl e so lu ti on 
was kept on ice for one hour and then well shaken, the contents MM to 
hmmolyse fresh red cells, though still ptoduoing lysu of the deposit trott 
au loed saccharose tube containing red cells and complement. It seems ciMr« 
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therefore, that the preeence of the red oella prevente the aotioa of the salt- 
free medium on the oomidementary aeram from progteBsing b^ond a 
certain point. Experiments earned out to test the hypothesis that this 
might be due to a combination of the mid-{Hece with the red oella gave no 
definite results, for reasons which need not be entered mto here 

The fact remains that tliose complementary sera which are unaffected by 
simple dilution with salt-free saccharose solntion at 0° C show no evidence 
of any absorption of the complement by red cells at this temperatnre We 
ara, therefore, justified in saying that complement, combining directly with 
red cells m a salt-free medium, behaves in the same manner as complement 
combining with red cells in a medium of normal saline solution under the 
influence of a haemolytic antibody, in that no combination occurs at a 
temperature of 0° C 

In the experiments described above, and in the discussion of the results 
obtained, the terms “ complement " and “ haemolytic antibody ” have been 
employed in their usually accepted sense It is obvious, however, that 
the sera employed contain many other substances, and the recent cross- 
absorption expenments of Thiele and Embleton show that a hard and fast 
division into complement and antibrkly is not permissible It is, therefore, 
possible that not the whole complement, but only some specudised part of it 
can combine, unaided, with red c.ells in the absence of electrolytes, but 
this consideration does not affect the main thesis that a combination, that is 
impossible in a salt-containing soluUon without the addition of a special 
antibody, can occur in its absence in a salt-free medium. 

CondvMttm. 

In the ease of the luemolysis of sheep eorpuscles by guinea-pig comple- 
ment, it is found that — 

1. The presence of an excess of an electrolyte (sodium chloride) above the 
normal hmit in a hamolytio mixture prevente the oombmation of the com- 
plement with the red-cell-antibody complex 

2 It the concentration of the antibody be markedly increased, it is possible, 
up to a certain point, to counteract the effect of Uie mereased salt c<»icen> 
tretion. 

3 If the salt concentration be decreased, a decreasing concentration of 
antibody serves to produce the union of red celie and complement 

4 In an almost completely salt-free medium the oomlnnation occurs in 
, the complete absence of antibody. 
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It only remains for me to record my great indebtedneM to Dr. S. G. FkMa 
for the assistanoe which he has rendered me throughout a ooxunderahle part 
of this investigation 
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In fluence of the Hydrogen Concentration upon the Optimum 
Temperature of a Ferment. 

By Abthue Compton, M B , D So (N TJ.I ), Imperial Cancer Beaearch Fund 
(Gommumoated by Prof W Bulloch, F B.S Becmved December 17, 1914.) 

The preaont investigation is an outcome of previous work,* resulting in 
the discovery that tlie optimum temperature of any ferment, or ferment 
function, ocoorrmg in a given euzymio preparation, is mdependent of the 
concentration both of the substrate and of the enzyme, the duration of the 
action being constant. To follow up this observation it was felt desirable to 
investigate m a similar way the mfluence, if any, of the reaction, that is of 
the hydrogen ion concentration of the medium, on the optimum temperatnie 
of enzyme action the more so because enzymes, as regards their ackvily, 
aie known to be extremely sensitive to this factor— eome requiring an 
others a neutrai, and others again an alkaline medium in whicli to act. The 
question, moreover, is of special interest on account of the &iot tlwt r 
Sorensen, in his classical researches on the r6U of the lomo 
the medium in activating emsymes. alludra to it, and predicts in regard to 
It that, when investigated, the optimum temperature will no doubt be 
to vary with the hydrogen ion concentred of the inediain.t Thai 

♦ Arthur Compton, ‘ Boy. Soe. Proc.,' B, vol, 87, p. 946 (1914) , B. vaL 88, »• 9W (WM). 
t 8.P L. SOroMoB) * Ownptes Bendas doo Travaux dn l^ho»tofa-a 4 a fh^rhbwg,* vol Bj 
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opinion, being of a apeeolative natnto, vna not deemed a eoffloient answer 
to the question, its experimental investigation therefore became Uie more 
needed 

The enzyme chosen was the meUteue of Aqaergtlltu oryzas, the same 
preparation being used as had already been studied in a former communica- 
tion,* where its optimum temperature, m an action of 16 hours' duration, 
and H'*' concentration that of the preparation simply dissolved in redistilled 
water, is shown to be H-47“ 

Two stages occur in the investigation (1) A detenmnation of the 
optimum reaction curve of the enzyme in an action of 16 hours’ duration 
at -(-47°, for chosen dilutions of substrate and of mizyme, m presence of 
progressively increasing quantities of acid and of alkali added to the 
reaction mixture , (2) separate deternnnations of the optimum temperature 
of the ferment under the same conditions of substrate concentration, of 
enzyme concentration, and of duration of the expenment, for different 
hydrogen ion concentrations of the medium, oorrespondmg to various points 
on the above optimum reaction curve 

The substrate concentration chosen was M/20, or 18x10"'* gnu of 
hydrated maltose per cubic centimetre of the reaction mixture , and the 
enzyme concentration was 6 x 10~*grm of the enzyme preparation m powder 
per cubic centimetre of the reaction mixture 

For the determination of the optimum reaction curve the practical details 
were as follows — First, a solution of the enzyme was prepared by dissolving 
30 mgrm of the preparation in 10 cm ’ of redietiUed water A clear pale 
amber-coloured solution resulted, which, after standmg from a half to one 
hour at the ordinary temperature, was introduced in portions of 1 cm * into 
a series of eight clean test-tubes (Fischer’s extra xesistanoe glass) already 
containing 90 mgrm of hydrated maltose and either 4 cm* of pure water 
or a solution containing a known quantity of acid or alkali The tubes, 
after closing with clean sterile oorks, were plunged into a water bath 
regulated at +47* After 16 hours' moubation they were withdrawn, the 
corks removed, and each rapidly washed with 1 om.* of water — tlie washings 
being carefully added to the contents of the correspondmg tube. Next, the 
tabes were heated for seven minutes in bailing water to atop the enzyme 
action, after which they were cooled and the contents diluted to 50 cm.*. 
^ proportion of maltose hydrolysed was then determined, by Bertrand's 
method, f on 20 cm.* of the diluted mixture The numbers obtamed are set 
out in Table If 

* IbuL 

t ‘ Bull Soc. Ohim (8)^ voL 86, p. 1886 (1908). 
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Table! 


Qnsntitiaii of aoid taid alkali addod por 
5 cm * of the reaction mixture 


HaltoM ]i>droly«ed 


0 26om>M/100HeS04 
0*15 
0 10 
0-05 
0 00 
0*06 
0 10 


^iiatuhil mu'tiop 
M 100 Nii,( (). 




Per cent 
28 2 
68 5 
76 1 
76 8 
84 3 
14 2 

a 2 


When the percentage of maltose hydrolysed is plotted agamst the 
qui^ntities of reagents added, the curve indicated m hg 1 is obtained 



This curve shows that under the conditions of the experiment the eddi- 
tion of the merest trace of alkali is detrimental to the enzyme action , while 
on the contrary the addition of acid increases the effioienoy of the enzyme, 
until a certain point is reached, corresponding to the presence of (H)7 om.» 
M/100 HjSOi in the 6 cm* reaction mixture, beyond which the addition ef 
more acid is m turn detnmental to the action. In other words, the action 
passes by a maximum situated in the acid region 
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Measurement of the hydrogen ion oonornktration of the medium, resulting 
from the addition of venous quantities <ii acid and of alkali per 5 om ” of the 
reaction mixture, containing 8 mgrm. of dissolved enqrme, were made hy the 
colonmetnc method of Sdrensen (for eit) The results aie oontamed in 
Table II, and for convenience of description, in what follows, they have been 
reproduced on the base line of fig 1, underneath the respective quantities of 
My 100 HsSOi and M/100 Na^^Os which give nse to them 


Table II 


QuautiUefl of aoid and of alkali added per 8 mj^rm of 
en^me oontamed in 6 om * of tlie reaotioa muture 


' j 

' Correspondmg H'*'conoeuti«tioii» ' 


0*60 M/100 H3SO4 
0^ 

0 80 
0 80 
0 16 
0-07 

0-04 

0 *00 (natural reaction) 
0*06 M/100 Na«OOa 


') I 10*“* ; eitrate, methvl orange 

. 10“* * 

'H*** oonoentratiomi greater tliau < 1^.3 4* ** 

[• theoptunumoffg 1 phovhktP.nwit*;'! red 

J ^ 

U*** oonoentrationi equal to the 10“***, „ „ 

optimum of fig 1 


H*** oonoentrationa Iom than the 
optimum of fig 1 


10‘«8; 
10-7 2 J 
10’7** , 


The second stage of the enquiry, which consists in detei mining the optimum 
temperature of the enzyme for a senes of hydrogen ion concentrations 
corresponding to different points on the optimum reaction curve, figured m 
£g 1, was next undertaken Kine different H'*' concentrations of the medium 
were thus studied 10“*®, 10"**, 10"®*, 10"*^ 10“**, 10"**, 10"**, 10"'*, 
andlO-'* 

The practical details of the first determination in the senes may be given as 
an example, to show how these optimum temperature determinations were 
carried out A solution of the enzyme was prepared containing 3 mgrm of 
the preparation per cubic centimetre and, after standiag for a half to one 
hour, was introduced in portions of 1 qm* into eight clean test-tubes, aheady 
oontammg dO mgrm. of maltose, 0*6 cm.® of M/100 H 1 SO 4 and 34 cm* of 
redistilled water. Such a mixture, according to Table II (or fig 1), 
oorreeponds to a H** concentration of 10"**® The tubes were closed with 
stenle oorks, plunged into water thermostats at known temperatures, and 
mottbated for 16 bourn, when the enzyme action was stopped and the quantity 
of maltose hydrolysed in each tube determined as before. The numbers 
found are set out in Table III, together with the numbers obtomed for the 
other membets of the series. 


2 K 
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Table IIL 


- * ^ ^ Mftliosa b ydralyied per cent for the following oonoentarationt 

Temperoturwat ^ ^ ^ of the medium 

the begimung 


and end of 
each expenment 

lO-w 

10-»» 1 

1 

10-*< 

lO-'f 

10-M 

10-«» 

10-*» 1 

10-7*» 

lO-W 

17 -6-17 7° 

j 

. - 

t 







17 7-17 8 

11 4 1 

10*0 

— 

— 



— 

— 

— 

18-0 

— 1 

— 

15 5 

— 



— 


— 

88 0 

— 

— 

— 

— 



— 

7 3 

— 

84 5-84 0 

— 

- 

24*0 

— 



— 


— . 

24 8-85 0 


— 

— 

28 2 



— 

— 

8 6 

2b 0-26 *1 

— 

21 1 

— 

— 

H9I 


16*9 

— 


85 2-25*4 

21 *1 

— 1 

— 

— 



— 

— 1 

— 

27 8-27 9 

— 

1 


— 

^ j 

36-9 

— 

12 6 1 

— 

82 0-81 h 

— 


— 

40 6 



— 

p— 1 

1 — 

82 2-88 1 

28 2 

— 

— 

— 




— 

— 

82 8 


86 9 

89 1 , 

— 



82 8 

— 

IB’S 

84 6-84 0 

— 

» ! 

— 

— 

HISH 


— 

21 1 

— 

87 *8-88 2 

28 2 

— 

— 

— 



— p 

— 

— 

40*0 

19 *7 

80 1 

50 9 

— 

71*7 

— 

62 5 


15 6 

41 8 


— 

— 

— 

— 

78 6 

— 

28 8 

— 

42 8-42 2 

11 4 

- 

— 

— 

— 

— 



— 

42 4-42 6 

— 

28 2 


— 

— 





42 6-42 6 


— 

— 

83 5 

— 

— 




46 4 





76 8 

.. 



21 *1 

46 8-47 <0 

— 

6*6 

18 8 

— 


— 



— 

47C-46-6 


— 

— 

— 

— p. 

— 

66 8 

— 

— 


— 

— 


46 4 

— 

85*6 


82 8 


40 7-49*6 





— 

88 8 

— 

28*2 


40 8-40 6 


— 

— 




66 8 


«- 

40 0-49 *8 

— 

— 

7 2 

— 

48 6 

— 


— 

12 *8 

60 8 

— 



16*9 

— 




... 

62 <0 

— 

— 

— 

— 

81 2 

ee 8 

49 4 

21 1 

— 

82 1-81 *0 


— 

— 

— 

— 



— 

10 0 

58 9-58 8 

— 


— 




89 1 


... 

54*0 




— 

16 9 

49 4 


15 *6 

6 9 


On plotting the percentage of maltose hydrolysed against the mean 
temperature of the expenment, these numbers give a senes of optunnm 
temperature curves from which the optimum temperature corresponding to 
each particular H'*' concentration of the medium may be read The cnrvea 
are summansed for purposes of description in two figures (figs 2 and 8). In 
fig 2 are collected the curves correspondmg to H'*' concentrations greater 
than the optimum reaction of fig 1 ; while in fig 3 are collected the curves 
corresponding to H'*’ concentrations equal to, and less thau, the oj^unum 
of fig 1. 

Consider fig. 2. Here we have a senes of curves of varying aVt i t« iv< w t. 
which IS what one would expect from the results already recorded in fig, 1 ; 
as the H-*- concentration of the medium is moreaaed toyond the optimum 
value the enzyme is gradually rendered less efficient. And, in this wwpaat j 
fig. 2 indicates, furiher, that the diminution in the activity is true lot 
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pFBotioally all toniperatareB, although varying m amount from temperatore 
to temperature, subjeot to the influence — to be explained presently — of the 
hydrogen ion concentration of the medium. 

As to the influence, if any, of the H'*' concentration of the medium on the 
optimum temperature of the enzyme, fig. 2 clearly shows that for each 
concentration there exists a perfectly definite optimum temperature, also, 
the optimum temperature is seen to fall progressively as the H'*' oonoentra- 
tion 13 increased beyond the optimum reaction of fig. 1 In fact, the locus 



H^oonccntntvans varying lwtMeaii5^^«o'^ 

of the maxima of these curves is a straight line, the mathematical equation 
of which is approximately 

y s d56«-20044k 

The eignifioanee of this straight line is that it shows that the tall which 
occurs in the optimum temperature of the ferment as the H'*‘ concentration 
» inoreased-^beyond its optimum value— is juroportional to the fall in 
activity (or disablement) which the fisrment undergoes at the physioal 
optimam point. 

Fig. 2 farther shows that the .temperature of deetruotioin ot the enzyme 
edao depends on the hydrogen ion concentration of the medium ; the greater 

2 K 2 
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the acidity the leas heat is the etuyme aible to aappovt before haiqg euttrely 
disabled Herein hes the explanation of the existence of the two lower 
curves of fig 2, in spite of the indications of fig 1, which shows that for the 
H+ oonoentiations of 10“®* and 10“®“ no activity on the part of the 
enzyme seems possible The reason is, that what was the optimum 
temperature for the natural reaction, +47° — at which temperature Uie 
results set forth in tig 1 were determined — is no longer the optimum 
temperature for the H'*' concentrations ^ving me to the curves in question, 
but IS instead a temperature of destruction 



H^coneentratioiu vaoang between 

That the optimum temperature of the ferment diminishes as the H’*’ 
concentration u increased beyond that of the chemical optimum may be 
stated otherwise thus: As the H'*' concentration is diminubed from 
extreme values to values bordering on that of the chemical (^tunmn, the 
optimum temperature steadily increases. An inteiestii^ question now 
anses. 'What wonM be the effect on the opUmiun tunperatme of 
diminishing the H'*' oonoentration beyond that of tiie obrauoal <qptiiniiin f 
Would the optimum temperatute under , these ebouDStanees conbime to 
inonase, in view of the faot that farther dimiimtum ef the ocsi' 
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oeattotion of the meduttn must, m acoordaaco with fig. 1, be aMended by 
disablement of the enzyme ’ Fig. S answers these questums 

Fig 3, as expected, also shows a senes of curves of varying altitudes , and, 
as before, a pi>rfectly definite optimum temperature is seen to characterise 
each hydrogen ion concentration studied But here an niilooked>for 
result is discerned P'or H'*' ooiioentrations situated between the optimum 
and the natural reaction the optimum temperature rises still higher, to 
fall again as the natural reaction is overreached , tlie nse in the optimum 
temperature passes by an optimum value This is evident from the locus 
curve drawn through the maxima of the several optimum temperature 
curves figuied in fig 3 , and it is still better seen in fig 4, where a curve 
18 plotted with the various optimum temperatures recorded iii tigs 2 and 
3 as ordinates, and the corresponding amounts of acid and alkali present in 
the reaction mixture as abscissie 



An optimum temperature of -1-49^ thus seems possible in a reaction 
mixture oontainmg 0032 cm'* M/lOO HsSO« But it might be supiHiaed 
that this IB the optimum leaction of the ferment for that temperature, 
smoe, m accordance witli the work of O’Sullivan and Tompson* on the 
ensyme suemw, the optimum reaction of that ferment is known to depend 
on the temperature serving foi its determination? Tins question it is 
proposed to investigate. 

To illustrate m a striking way the essential fact established by the 
investigation, that the optimum temperature of the enzyme depends largely 
on the hydrogen ion oonoentration of the medium, it is only necessary 
to reproduce side by side on tiie same diagram the optimum temperature 
curve iVom fig. 8 oorrespondihg to the natuiul reaction and that from fig 2 

* ' Ohsm. Boo Journ vol 57, p. 659 (1890). 
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corresponding to the addition to the reaction nuxture of 0*2 cm.* M/100 H 1 SO 4 
per milligramme of enzyme This is done in fig 5 



Fig 5 shows at a glance that by the simple process of increasing, the 
hydrogen ion concentration of the medium in which the enzyme acts from 
10“’ * to 10“® It 18 possible to change the optimum temperature of the ferment 
from + 47® to + 36 5®, — i e through a range of 11*5® This result alone shows 
how important it is, when statmg the optimum temperature of an enzyme, to 
pomt out at the same time the H'*' concentration of the medium serving to 
determine it Thus, the optimum temperature of the maUtuf in question, m 
an action of 16 hours’ duration, may be expressed as [35 6®] w* * or [47®] * 

Fig 5 IS further inteiesting from another aspect The parallelism or 
similarity of the two curves is very strikmg ; they are almost superposable 
Were they exactly so, and obviously that is only a question of soffloient 
expeiimental patience, it would mean that the activity of tiie enzyme is the 
same at corresponding temperatures over two equal although different ranges 
of temperature, — the one curve being m that case simply a translation in the 
plane of the paper of the other It is proposed to term this, the phenomenon 
of eormpmulvag atateg. Fiom a consideration of the locus lines of figs 2 and 
3, it IS evident that for H'*' conceutrations such that the maxima of the result- 
ing optimum temperature curves are situated at the same level on these lines, 
the enzyme should for the one and the other H'*' concentration be in “ corre- 
sponding states." 

The main conclusion of the present paper, m the iniright which it i^Bferds 
into the influence of the H*** concentration of the medium on the phymoid 
optimum of enzyme action, cannot perhaps be summansed to more advantage 
at present than by placing it in its appropriate place in a differential table 
briefly settmg out our present knowledge of the relation of tiie physioal and 
the chemical optima of enzyme action to the expenmmital conditions involved 
in determining them. 
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Optiuum Txmfbratukk 


V OfTIHUM OoNOXKTRATtON 


(Physical Optimum ) 

L Is independent of the concentration of 
the enzyme (Oompton) 

lialtaify Maluanoie 

IX Is independent of the concentration of 
the aubstiate (Compton) 

9alunntw> 


1 


(Chemical Optimum } 
Ditto (Siirensen), 


Sxicraie 


u Is dependent on the concentration uf 
the substi ate (V an Slyke and 
ZaeharuM).+ 

Umm 


ill Is dependent on the H ^ concentration 
of the medium (Compton) 

MaltnAe 


ill Is dependent on the temperature of 
the experiment (O'Sullivan and 
XoinpHon) 

Sucnt-M 


IV Ifl dependent on the duration of the 
expel imont serving to determine it 
• (Beitrand and Compton) * 

Ami/gdahnasf*f amggdnlnm 


i\ Ditto (Stlrenson) 


V Is dependent on the age of the enzymic 
preparation (Bertrand and Comp' 

ton)* 


* 'Comptes RenduSf* vol 152, p 1518 (1911) 
t * Journ BioL Chem vol, 19, p 205 0014) 
I ^Comptes Rendtis,* vol 159, p 434 (1914) 
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J3i(S Life-Cycle of Cladocera^ with Remarks on the Physiology 
of Growth and Reproduction %n Crustacea 
By Geoffbet Smith, M.A., Fellow of New College, Oxford 

(Communicated by E S Goodrich, FES Becuved December 18, 1914) 

1 E3,per%mtwL<i on Daphnia pulex 

In a paper on the life-cyclp of Moina rcetiroslita, published m 1913(5), it 
was shewn by the late Mr G H Grosvenor and myself that it was possible 
to inhibit entirely the production of the sexnal forms by isolating the 
parthenogenetic parents soon after birth, and keeping them at a constant 
high temperature of 25-30° C It was proved that for a succession of 
eight generations the isolated parents at this temperature gave no males or 
ephippial feinslea, while parents of the same generations kept crowded at a 
temperature of about 1 4° C or 5° C. gave about 50 per cent, males We 
were unable to determine how the efifeet of isolation and crowding of the 
parthenogenetic parents influenced the production of the sexual forms, but 
two alternative suggestions were made, either that in the crowded glasses tiie 
ammals wei-e unable to obtain sufficient nutriment and were partially 
starved, or else that some excretory matter accumulated in the crowded 
glasses which influenced the productioa of males and sexual females 
In ordei to confirm the above results and to throw some light on the 
processes mvolved, breeding experiments liave been earned on for some time 
with another species of Cladooera, the common Daphnia paUx Mr Bobert 
Gurney very kindly ga>^ me some dried mud from a pond wluch was known 
to cutilaiti the resting eggs of these animals, and, on plocmg the mud in a 
boal of water, after some weeks some young Daphnut hatched out. One of 
these was kept until it had produced young, and the offspring of these young 
ones were used to start the first experimental generation 
D pnlex does not flourish on the food used for Moms, vis , manure mfualon , 
but 1 had previously found that they could be cultivated with great ease 
if some greeu Alga, such as rrotocoocus, is added to the water m whidi Uiey 
are kept In order to have a constant supply of the Alga, stock cultures 
were made in a nutnent medium of inorganic salts to which a s m all 
of organic material was added. The best medium for growing the Proto* 
coccus was found to be a certain dilution of the mixture recommended 1^ 
Miquel for growmg Diatoms, which Mr. H. G Thornton and myself have 
used for cultivating Euglena(8). By adding a pipette*fuU of the green 
growtli to each glass in which the experimental animals are k^ it is powilde 
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to ensure that there ia always an exceas of nourishinent, beoanse the culture 
oonaiats only of the Alga and not of a mixed asaemblage of bacteria, some of 
which may be useless as nourishment. 

The scheme of the experiments is as follows —In each generation a oertam 
numbei of the individuals are isolated soon after birth in separate glasses , 
some of these ate placed in an incubator at 27^ C , others are stood in a water 
tank with circulating water at 10-17° C Other individuals are kept crowded 
together in the same glass m numbers of 10-15, and of these crowded glasses 
some are ogam placed in the incubator and others m the circulatmg water at 
10-17° C Thus in each generation we have individuals subjected to four 
different conditions — (1) Isolated at 27° C , (2) crowded at 27° 0 , 
(3) isolated at 10-17° C , (4) crowded at 10-17° C All are supplied with 
excess of I’rotococcus. 

In Table T is given the result of breeding^ under these various conditions 
for eleven successive generations. This Table does not give the numbers of 
ephippial females which appeared among the parents, but it may be stated 
that ephippial or sexual females only appeared among the parents kept 
crowded at 10-17" C , which also gave a high perrputage of males 

It will be noted that in this Table, besides the numbers of male and female 
cfispring produced m each generation, a column is devoted to the number of 
parents, whether isolated or crowded, which were used foi breeding This 
factor, VIZ , the number of fiarente used, is one that must not be lost sight of, 
smoe, m order to prove that the production of males and sexual females is 
not simply a question of chance, it is clearly necessary to use a snfficieut 
number of parents m each generation and under each condition to ensure 
that the eitlisots of chance are ruled out. In as maiiy cases as possible four 
broods were taken from each female It was not found that there was any 
tendency for later broods to produce more sexual fonns than early broods 

By consulting Table 1 it will be seen that neithei in the isolated nor 
crowded individuals at 27° (J did any sexual forms appear throughout the 
eleven generations. Adding the totals of the isolated and mowded at 27° 0 
tQgeUierwe have, 90 + 150 ■■ 240 parents gave 1188 + 848 s 1831 partbeno* 
genefUQ females and no males. 

E^^ty-Hiix indtviduale isolated at 10-17° 0 gave 1860 parthenogeoeitio 
females and 56 males, or about 3 per cent, males, while 420 mdividuale 
crowded at 10-17° C. gave 8564 partheni^fenetic females and 256 males, 
about 7 per oent. males. 

These mwilts sie in agreemient with our preinous expenments with Jdoiaa, 
idiewiiig tbit the eibet o< isolation and h^ temperature is to Bu^eess the 
prodnotion of the sexual fonts (6) 
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Table I 


Ctomtion 

Nanber of 
pMPonti 

j 

Number of off«pnng | 

Number of 

1 

Female 

Hale 1 

parente 

Female, 

Hale 

1 IioUtod at 27* C 

Ofo«dadata7*0. { 

. t 

1 

5 

85 

0 

10 

47 

0 

2 

18 

48 

0 

20 

66 

0 

3 

18 

60 

0 

— 

— 

0 

4 

4 

14 

0 

10 

20 

0 

5 

1 

22 

0 

10 

28 

0 

6 

11 

108 

0 

20 

171 

0 

7 

12 

331 

0 

16 

147 

0 

8 

9 

268 

0 

24 

106 

0 

9 

7 

120 

0 

16 

20 

0 

10 

6 

76 

0 

8 

40 

0 ! 

11 

9 

112 

0 


— 

1 

Toteli 

90 

1X68 

0 

160 

043 

0 








Qvneration 

liolatod at 10-17* 0 

CiowdMl at 10-17* C 

1 

6 

129 

0 

SO 

91 

7 

2 

8 

204 

0 

88 

1086 

100 

8 

10 

819 

0 

70 

482 

16 

4 

10 

167 

0 

S7 

242 

8 

0 

9 

168 

0 

80 

190 

0 

6 

7 

144 

0 

66 

415 

0 

7 

8 

49 

0 

76 

462 

80 

8 

10 

260 

0 

80 

470 

65 

9 

11 

268 

66 

16 

40 

0 

10 

6 

99 

0 

80 

87 

26 

11 

7 

86 

0 

25 

, 

60 

0 

Totab 

80 

1800 

60 

480 

8604 

250 


Since It was found that the indivtdusla orowded at 27^ C produced few 
young and did not flouruli, the experiment was subsequently’ no ntfnned In & 
rather different way, only two kinds of conditions being employed, viz., isida' 
tion at 27° 0 and crowding at 10~17° C, In this second ezpenment as 
nearly as possible equal numbers of parents in each generation were used m 
the isolated and orowded oondition Also a careful observation was kept to 
see how many of the patents used became eiduppial or sexual. Ttiw «xpeid> 
ment was made some time after the first with individuals tint had been 
propagating by parthenogenesis, so that the first lot of parents used wem 
about the 35th generation from the b^nmng of the cycle, the or^^ial 
winter egg from which tiie first individual emerged. 
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The result which is given in Table 11 diows ihat daring eig^b ancoesaive 
generations 117 isolated parents at 27" C. produced 2664 parthenogenetic 
fomales, no males, and in no case became ephippial, while 129 crowded 
parents became ephippial in 17 oases and produced 1147 parthenogenetic 
females and 26 males 

Since nearly equal numbers of parents were used and more ofibpnng were 
produced from the isolated parents than from the crowded, it is impossible to 
ascnbe the production of sexual forms by the crowded individuals, and their 
entire absence in the case of the isolated parents, to chance 

If we add together the results for the isolated at 27° C and for the crowded 
at 10-17° C. m the two expenmen ts given in Tables I and II, we see that in 
nineteen generations 207 isolated parents at 27° C gave 3752 parthenogenetic 
females and no males, while 549 crowded parents at 10-17" C gave 4711 
parthenogenetic females and 282 males, or about 6 per cent males ft is 
also to be observed that, while no ephippial females appeared among the 
isolated parents at 27° C., about 10 per cent, of the crowded parents at 
10-17° C became ephippial 


Table II. 


Ghenora 

tlOD 


lioUted At sr 0 


Crowded at 10-17® 0 j 

Number 

of 

parente 

Parents 

beocminff 

epbippifll 

Num 
of offsj 

Female 

bar 

>rlng 

Male 

Number 

of 

parents 

Parents 

beooming 

ephippial 

Num 
of offsj 

Female 

ber 

>riug 

Male 

36 ° 

8 

0 

132 

0 

10 

2 

68 

10 

86 

16 

0 

884 

0 

20 

1 

117 

0 

87 

19 1 

0 

414 

0 

80 

0 

282 

0 

88 

16 


860 

0 

10 

1 

111 

0 

89 

18 


897 

0 

80 

4 

116 


40 

9 


158 


10 

0 

864 

0 

41 ! 

16 


644 

0 

10 

8 

69 

1 

48 

80 

■i 

140 


89 

7 

195 

15 

Toibab . 

117 

0 

8664 

0 

US ! 

17 

1U7 

86 


The general result of the above records is to show that in J) pukas, 
as in Jf TteHrottrU, it is possible to inhibit entirely the appearance of 
melee and sexual females by isolating the parents soon after birth and keep* 
ing them at a temperature of 27° 0. But if we look into the numbers given 
for each generation in Tables I and 11, we find that the converse of the above 
statement does net hold good, it is not the osse tbet mowding at 
10*17° C. always results in the produotimi of the sexual forms. Thus, to 
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take some lastaooes m Gmteration 6, 65 crowded puenta gave 415 paithoko- 
geneUe joeng and no males , in Generation 37, 20 eiowded pacente gave 222 
parthencigenetio young and no sexual forms. It must beconeiuded from this 
that there is some factor involved in the production of the sexual forms other 
than external conditions, viz , an internal factor That this mtemal taotior 
IS a ingular rhythmical cycle, such as Weismann originally sn^ested (1), which 
runs on without any regard to external oonditaons, is obinoudiy not trne, but 
there is this very important element of truth m^eismonn's view, namely, 
that a species such as D pulex never produces as many sexual forms per 
cent as a species like M I'tettro^na , and, as far as we know, no alteration of 
the external conditions would make it do so. The facts suggest that for each 
species of Clodooeran there is a maximal limit to the numbers in which sexual 
forms may be produced, and that this number cannot be readily increased but 
It can be decreased, or entirely abolished, by external conditions such as isola- 
tion and high temperature combined with abundant nhtntion If we suppose 
with Woltereck (.3) that the production of parthonogenetic and sexual forms 
18 due to the presence of two substances, a parthenogenetio substance and a 
sexual substance, then we should say that the relative amounts of these 
substances are fairly ngidly hxed for each species, and that, whereas the 
amount of the sexual substance cannot be easily increased, its operation can 
he indehnitely suspended by the action of external conditiona By this inter- 
pretation of the facts it is possible to retain the really important part of 
Weismann’s theory, tliat the proportions in which the sexual forms are 
produced in each species is fixed in its upper limit in accordance with the 
adaptive necessities of the species, though we must maintam that these 
proportions can be altered by the supprenion of the sexual forms ^bcough 
external conditions 

W £ Agar (7) m a racent paper, after sainmansing the results of previous 
workers, comes to the conclusion that there la no such thmg as an mtemal 
rhythm in Cladocera, and that the production of sexual or non-sexual fonns 
IB entirely controlled by the environment I am m agreement with Agar m 
thinking that there is no hereditarily fixed idiythm, or that the isrodnotion of 
the sexual forms is rigidly fixed on to particular generations or particular 
broods of these generations, but I find it unpossihie to bel»ve that it is purely 
due to environmant that a spemes like 1£ vtabwottbm, under any oonditimta, 
produces a far greater percentage of sexual forms tW aapeom Iflce D. fvtmk 
In other words, there is an mtemal fMtor concerned in the ptoduotaen al 
the sexual forme , this faotor vetiee in different apeciea el Oladoeene ; tiie 
operation oen be entirely euepeuded by wttenud ocarfittiooe an that aa encaal 
fornui are produced , but there is no experimental ^ ^ vidt 
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th«t the^pcodiiotion of wxiial IcninB cui be provoked at will m aoy or every 
feneration ol a partioulaT qrootes by alterotioaB in the envirimment. 

It is important to consider whether the factor of orowding can ever 
operate in a state of nature in the same way as under cultund oonditums. 
There can be no doubt that the way this taotor exerts its etfhct is through 
the presence of some ezcretoiy material m minute quantities, because in oui 
ooltases of Daphnia, which were fed on nothing but Protocoocus, it was 
possible to ensure that there was in all cases an exoesa cA food, ao that the 
crowding could never cause a shortage of food. Since the animals were 
cultivated in glasses containing about 100 c o water, and the presence of 
10 individuals constituted the normal crowded condition, it is clear that 
the reaction must be a very delicate one, due to the presenoe of extremely 
mmute proportions of the substance m question Now, in a state of natare, 
the small pools inhabited by many "polycyoko” speoies of Cladocera, ey, 
Moma, are often far more intensely crowded with individuals than nndei 
our cultural conditions But, quite apart from small pools, it is frequently 
to be observed that large ponds are often so thickly populated with speoies 
like D magm and puiex as to be coloured blood red, and 1 have met with 
cases where farmers have been afraid to water their horses at a pond on 
account of the exlraordmary colour of the water 1 have also observed 
that even in lakes, certain areas of water may be intensely crowded with 
some species of Cladooera, and it appears to me probable that the factor 
of orowding may play its part in the production of the sexual foims even 
in the largest bodies of water. The interestmg repoit of Dr Viktor 
Longbans on the Oladocers of the Hirsohberg Lake in North Bohemia (4) 
shows that the varions speoies of Cladooera inhabit for the most part quite 
localised areas of the lake, and, moreover, that the appearance of the sexual 
forms usually either coincides with or follows closely after Uie greatest 
activity in parthenogenetio reproduction, when crowding would be at its 
height. 

2 Th$ Storage Fat and Glyeogen, %n ite Selatum to Cfrowth and Meprodwt%on 

in CUtdoeera, 

In the course of the breeding experiments described above, a contrast was 
noticeable between the individuals isolated at 27° C and those kept crowded 
at a lower ten^perature, It was observed, even cm inspection with the naked 
eye, that the young or fully grown individuals isolated at 27° 0. were always 
^ a pale, tmiailuoent green eolour, while tiiose corowded at the lower tempera* 
twee wen genenlly bnj^t reddish orange, or, at any rate, showed a good 
deal of thin oolMir. On examining .the two kinds of individiialfl under the 
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microaoope it was found that the reddish orange individoabowed tiieir cohnur 
to the abundanco of coloured fat globules present round the gut and ovary 
and at the bases of the limbs, while the pale green individuals were eitiier 
entirely devoid of any fat or else possessed a few globules m the neighbour- 
hood of the ovary It was shown in a previous paper (6) that by placing 
living speoimens of Cladocera, such as Moina or Daphnia, mto a vessel of 
water in which a small quantity of neutral red is dissolved, it was possible 
to distinguish after a few hours certain bodies which took up the stain with 
great avidity These bodies which stam intensely xnira ettom with neutral 
red are distributed in three chief situations — (1) as very small granules m 
the polj^onal cells 6f the chitogenous ectoderm (fig 1) (in the case of 
ephippial females the chitogenous cells of the epbippium, which is formed 
of very thick chitin, contain much larger masses of glycogen, see fig 2) , 



Fia 1 Fio S 


Fio. 1. — Chitmoua areas on earapaoe, represoitmg dutmogenous ectodum oella, with 
small granules of glycogen stained widi neutral red wtn eUem. 

Fio 8 — Ohitinous araas on carapace in region d formation of ephippram, showing large 
lumps of glycogen, stained with neutral red 



Fie i. 

Fie. 8 —A group of oelle from the gut, ahowmg small glywgan grsaulta oeoupgring sa«h 

cell, stamed with aentral rad 

Fie. 4.— Four laiga subontmaens glycogen cetta from baet of limb, sheering i r t eg ul si' 
mssses of glycogen in penph^ of ceU, stained with neaSrel Md. 
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X2) as small granules in the oells of the gut (flg. 3); and (8) as mnoh 
larger, irregular-shaped masses in the oonneotive tissue at the sides of the 
gut and at the bases of the limbs (figs. 4 and 6) Xhere can be no doubt* 
that these bodies are reserve material of the nature of glycogen, because the 
areas in which they occur ate the same as those in which glycogen is known 
to occur in the higher Crustacea, and they exhibit the same appearance and 
etaiumg reactions as the glycogen deposits in higher Crustacea The fact 
that the so-called glycogen deposits of Crustacea stain so intensely mtra 
mtam, and also after fixation with neutral red, suggests that they are not 
pure glycogen, or, at any rate, not identicid with the glycogen found m the 
liver of warm-blooded animals, because neutral red does not show any 
particular affinity for them latter deposits That they ate largely composed 
of glycogen is shown, however, by their giving the iodine reaction both 
miorochemically and, in the case of the higher Crustacea, after extraction 
unth hot water in a test-tube reaction 



Fta, 6 ■— Fsiihenogeaetic female, isolated at 87* C, showing rsserve matensl prsoent 
shnost entirely ae euboutaneous glycogen, with a few fat globulee in neighbour- 
hood of ovary 

It seems that the glycogen depoaits in Crustacea consist of glyoogen plus 
some nitsogenoos material, probably a proteid denvative, which u re^ponnble 
for the special affinity fat neutrsl red. Leaving the exact ohemioal nature of 
these amylaoeous deposits aside, it is to be observed that the pale green 
tsansloeant iadividtiala of O. jw/mt whioh have hemi kept isolated at 
27* 0. exhibit praotioally ail their reeerve substanoe ia the Iona of tbia 
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glyo^en maternal (fig 5), while the reddofiMnangB iadividoala which haep 
been crowded at a lower tempetatuve have the gseata’>psrt ef thm g^yoegen 
* replaced by orange globiiles of fat This does not apply to the amoU 
gtanules in the skin and gut, which are invariably pieaent in oil eategonee of 
individuala, but to the subdermal connective tiaane inaaeea romid the gat and 
at the baaee of the limba The connective tuane oella which atote the 
reserve material have thus two altemativee they may atoie glyoogm, as in 
the case of the pale translucent indmduidB, or tlmy may atere preponderantly 
fat, as in the case of the crowded individuals at low temperatores 
By following the couiee of events occurring m the parthenogenetio females 
under the conditions of isolation at 27° C. and crowding at 10-17° C., it can 
be shown that the quite young individuals soon after birth in both oases have 
their reserve material distributed typically m the way shown in fig fi. There 



Fro 0.— A young parthenogenetio female, ehowmg distnbution d glycogen and the few 

large fat globulea 

are a few large globules of fat, represented by the dark mrcles, and a huge 
supply of glycogen at the bases of the limbs. Now, as growth prooeede, tto 
individnals kept isolated at 27° C retain their reeerve material m the form 
ot glycogen and do not develop fat in any qnantily (fig 6) , timy grow and 
moult very rapidly and may reach maturity m three or four days. The 
individuals kept crowded at 10-17° C., on the o^ier hand, tend to loae t bei r 
glyoogen deposits and to deposit 'huge quaariries of fkt,«nd they glow and 
oome to maturity mudi more elowfy than the iaolated mdividiiiib at 2?° C. 
It IS important to note here the oeinoidenoe of (^yoegen Stonge and 
growth on the one hand, and of lat storage and retarded growth on'theelfenr 
Now the question ariass, is itfossible toeemeet ttdsddfcMbeehi’Miariow 
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nlatiTe to resorve storage with the ooonrtenoe and non-oocanenoe of the 
sexnal forms ? 

An examination of the condition of the sexual forms strongly suggests that 
an affirmative answer can he given to this queetion. The ephippial females 
ore always bright orange in colour owing to tike abundant prasenoe of fat m 
all the subdermal tissue at the sides of the gut and at the bases of the limbs, 
while the ephippial ovary is characterised by the presence of closely packed 
globules of iat in the eggs and nurse cells. The appearance of an ephippud 
female with its abundant reserve fat and opaque ovary loaded with fat is shown 
in fig *J In contrast with this the parthenogenetic female, even undei; the 



Fio 7i— >An ephippial or sexual female with ephippium of two egg thamhem and 
opaque ovary full of fat The reserve matenal present is in tiie form of vor) 
numerouB fat globules of an orange red colour 

crowded condition at low temperature, never exhibits so much fat in its 
reserve deposits, while the parthenogenetic ovary contains a very large 
qiMntity of amylaoeous matter in addition to the comparatively sparse large 
Iti) globules m it. The adult males, as shown in fig 8, resemble the ephippial 
females in the abundance of fat present as reserve substanoe 
Another point to be noted is that the ephippial females ate mhibited m their 
growth and never attain to the same tise as the parthenogenetic females kept 
iadfeted at 27'* 0, while the males are even mote stunted. 

We thus see that there is a remarkable ooinoidenoe between etotage of 
fi^yeogsn and rapid growth on the one hand, and fetnitorage and mhibiUon 
inta^ uqcxviiL<--B, 2 i. 
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of growth on the other , that the parthenogenetio females whioh are kept 
crowded at low temperatures tend to store fat in place of gljoogen and to be 
rotarded m growth , that this tendency reaches its maximum m the sexual 
forms, and that these sexual forms are produced only by the crowded 
parihenogenetic females which have a tendency to store fat and to be 
retarded in growth. The conclusion to be drawn from this senes of facts u 
that the induced fat-storage and retarded growth of the parthenogcnetic 
females crowded at low temperatnies are the causal forerunners of the 
production of the sexual forms 

If we regard the parthenogenetic mode of reproduction as being essentially 



Fia 8 —Adult, foitmght old, raale, Mhowing reseive matenaJ present m the form of fht 

a form of discontinuous growth oi budding, we may observe that this is 
favoured by the oonditions which also induce rapid growth in general, 
namely, preponderant storage of glyoogen under the conditums of isolatum 
and high temperature The production of the sexual forma, wbudi grow 
slowly and reproduce with extreme tardiness, is ncA ompanied by a pre- 
ponderant storage of fat, under the conditions of crowding and low 
temperature. 

It IS claimed, therefore, that the manner in which external "ondit ioi iift 
determine the oontmuanoe of parthenogenesis or the pxoduetion of sexual 
forms 18 aa follows : The oondition of isolation and high temperature favemns 
the storage of glyoogen as opposed to fat. and this storage of ^yoogen leada 
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to rapid growth and to continuous parthenogenetic reproduotion, which is to 
be looked upon as a mode of growth by budding. The oondiUon of crowding 
and low temperature, on the other hand, stimulates the storage of fat as 
opposed to glycogen, and this storage of fat tends to inhibit growth and to 
call forth the production of the sexual forms of male and female, which arc 
pre-eminently characterised by abundance of fat-storage and retarded growth 
and reproduction Stated in a short and summary fasliion. it is claimed 
that conditions which favour glycogen metabolism lead to rapid growtli and 
parthenogenesis, while conditions which favour fat-metabolism lead t» 
inhibition of growth and the production of sexual forms 

The way in which the factor of crowdmg leads to fat-storage, inhibition of 
growth, and the production of sexual forms is still somewhat obscure But 
it IS clear that the crowding does not act through partial starvation, because 
in all oases there was an excess of the food material present upon which the 
Daphnia were known to be feeding This was ensured by feeding tlic 
animals on a pure culture of green Frotococous, which constituted the sole 
food of the organisms. The only other way m which crowding can be 
conceived to exert an effect is by the aocunmlation of some excretory 
product in the water as the result of the presence of numerous mdmdualn 
It 18 reasonable to suppose that this excretory matter might act m some- 
thing the some way as phosphorus on a warm-blooded animal, namely, bj 
stimulating the production of fat All attempts at isolating or collecting 
this supposititious excretory mattoi have hitherto failed, and it would appeal 
tliat It IS easily destroyed, possibly by oxidation or bacterial action 

3 T/u Stm age of Fat arui Olycogm tn %ti Rdatvm to Growth atul ReprodaetiOH 

in Dempod CrwHtam. 

We may now consider how far the theory of the connection between reserve- 
storage and growth and reproduction in the Gladocera harmonises with what 
we know of these prooesses in the higher Crustacea Ever since the wntings 
of Claude Bernard and the more recent work of ViUou (2), it haa been known 
that the growth and moulting of the higher Crustacea is accompanied by a 
remarkable heaping up of glycogen in the liver and subdermal connective 
tiBsue. If we take seotione through the bver of a crab, sooh as Cammu 
memos, wliioh is about to oast its skin in the course of a day or two, it will be 
found, by staining the sections with iodine or neutral red, that the liver cells 
are crammed with small round granules of glyoogen, to the exclusion of almost 
any other material (fig 9). At this period there is praotioally no fat and the 
protoplaamio oontent of the cells is small Besides tiiese storage cells of the 
Uver, l^e ferment oells, with darker protoplasm and larger nuolei, will be 
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seea In addition to the greatly increased glycogen deposits in the liver, 
oells containing large masses of glyoc^n are abnndant in the snbdermal 
connective tissue and m the tissue between the liver cells 

If the liver of a crab in this condition is extracted for glycogen with hot 
potash solution, and the amount estimated as sugar by titration, the percen- 
tage of glycogen will be found to be very high, far higher than at any other 
time m the crab’s hfe-history. 

If now we take sections through the liver of a cmb that has recently 



Fio 9 


Fto 10 



Fio 0 — Section tliiougli portion of Uvoi tube of Oeniuiui just about to moult The 
Rtoiago cello are crammed with small round glycogen granules. 

Fio 10 — Section through poi’tion of livor tube of ditto, some days after the moult 
Beeerve material is almost entirely absent from storage cells, which are full of 
protoplasm 


completed its moult and has the shell soft and flexible, we shall find it m the 
condition shown in fig 10 The storage cells are now almost depleted (rf 
glycogen, and consist of protoplasm m which a few globules of fat, eepemally 
at the basal ends, are begmning to appear The subdermal glyoogmi will also 
be found to have very much diminished m qnanUty It is dear that the 
glycogen deposited in the liver and subdermal tissues just before the moult 
has been used up in the formation of the new skin and tissnea dnrmg tihe 
rapid process of growth which follows the monlt 
If, finally, we take sectious through the hver of a bard-shelled crab at a 
period mtermediate between two moults, when growth is not proeeedmg, we 
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obtain the appearance shown in fig 11. Here the stoiage cells are seen to be 
filled with large and numerous fat globules, the only considerable stores of 
glyoogen being found m the connective tassues outside the liver Three such 
connective tissue cells with glycogen are shown in fig 11 Quantitative 
estimations of the glycogen and fat in the liver and connective tissues under 
these various circumstances confirm the result obtained by histology, namely 
that during the moult there is abundance of glycogen (10 per cent.) and very 
little fat (3 per cent ), immediately after the moult there is very little glycogen 



Fte. 11 ->8aation through ditto, about mid-way between two moultti, when growth 
prooeaaea me m abeyance. The storage cells are crammed with fat globules 
Three connective-tissue glycogen cells are shown outside the livei 

(0‘1 per cent ) or fat (5 per cent ),and that between the moults there is abun- 
dance of fat (16 per cent ) and a rather small amount of glycogen (1 5 per 
cent. (The figures given here are only rough average approximations, but 
they give a trustworthy idea of the relative proportions of fat and glycogen 
in the liver under the various conditions ) 

We conclude, therefore, that just as m the Cladooera, so in one of the higher 
Orostaoea such as Oaroinus, the penod of active growth is aooompaoied h7 
glycogen- as opposed to fat-metabolism, while the fat-storage in the liver 
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takes place id the intermediate periods when growth is in abejance and the 
reproducuve organs are maturing 

In CarnnvM mainais it was shown in a previous paper that the male and 
female differed in respect to tlioir fat-metabolism (6) Thus in the female, 
maturing its ovaries, it was shown that the blood became flooded with lutein 
and fatty material to a much greater extent than the male, whose blood instead 
of becoming yellow with lutein is charged with tlio pink colounng matter 
tetronerythnn, but is not so heavily chaiged with*!fatty material as in the case 
of the female Ooinoidentl} with this it was pointed out tliat the female does 
not grow to the same size as tlie male, and this is agam probably due to the 
fact that the preponderant fat-metabolisni of the female for tlie iioonshinent 
of the e^B exerts a check on growth Finally it has been clearly shown 
that individuals of Carcimis infected with the parasite Sacciilina do not 
increase in size at all after once the parasite has established its system of 
roots in the body of the crab, and this must oertainly be ascribed to the foot 
that the Saocuhna induces a most pronounced fiittj habit in the liver of the 
crab, while the glycogenic function is permanently depressed. This has been 
completely proved by a senes of quantitative estimations and histologiesl 
examinations of the livers of infected crabs The condition of the sacoulmised 
crabs, both physiological and morphological, is converted by the action of the 
parasite into tliat of mature females in the act of ripening their ovanes, and 
this, as we have seen, consists m a pronounoed fatty habit and the inhibition 
of growth 

The above oonsideratious on the processes occuning in normal orahe and 
m those infected with iSaooulina enable us to perceive that there is a marked 
agreement between these prooesaes in the higher Crustacea and the conditions 
observed in the Cladooera In both cases active growth (m which partheno* 
genetic reproduction is included) is accompanied by storage and use of 
glycogen for building up the new tissues and skm, while inhibition of growth 
and sexual reproduction is accompanied by storage and use of fat for the 
nourishment of the sexual products Tins storage and use of fat is more 
pronounced in the case of the female than of the male, and it is clear that 
the fat-metabolism in the two sexes proceeds along different lines In the 
case of the female the fatty material developed and etored in the metabolic 
organs » merely transferred across to the ovaty, while m the case of the 
male it appears that the fat storage is lees pronounced and that the fat is not 
transferred as such to the testis m anything like tiie some quantity, but is 
broken down and nsed for other purpoees 

By thus bnngmg the prooessea of growth and repioduotaon m the 
Cladooera and in the higher Grustaoea into agreement we obtain a 
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maight into the physiologtcsl basis of the antagonism between growth and 
sexual maturity which undoubtedly exists in the Crustacea, and the principle 
applies with modifications to organisms m general This antagomsm is seen 
to be due to the necessity for the mature organism to prwluoe a special kind 
of nutriment for the reproductive organs, so that there is a corresponding 
lack of the suitable reserve substances for the purposes of growth In the 
Crustacea and at some phase of the reproductive period in all organisms, the 
elaboration of fat for the supply of the ovary or accessoi^ organs of repro- 
duction IS a marked feature of the metabolism in the mature female, and the 
diversion of reserve material in this form and foi this puijHise inhibits 
growth In the male it is less obvious in what special form the reserve 
material for tiie nourishment of the reproductive organs is prepared, but 
here, again, it is probable that fat plays an important part, though the 
manner of its utibsation is certainly different fiom the comparatively passive 
transference which occurs m the female The alteiation in the metaliolism 
thus brought about at sexual matunty, differmg m its mode of operation in 
the male and female, we hold to be responsible for those morphological and 
physiological changes in the body which often accompany sexual maturity 
and are known as correlated secondary sexual oliaiacters 

The view developed here as to the nature of sexual matunty and its 
antagonism to growth has an interesting beanng on the meaning of sex in 
general. Speaking broeully, the onset of the sexual mode of reproduction in 
oTganisms occurs under conditions when continued growth oi asexual 
multiplication is hindered either by lack of appropnate food or accumulation 
of excretory matter or by some internal weakening of the assimilative 
capacity Under such conditions the organism responds by laying up 
reserve material for a special kind of resting reproductive cell instead of 
continuing to expend it m growth The sexual mode of reproduction is thus 
a means of lying dormant during oonditious unfavourable to oontmned 
growth. The differentiation into male and female may be looked upon as an 
eoonomy or division of labour by which the female reproductive cell stores 
up compactly a mass of reserve material to be used for the nounshment of 
the next generation, but thereby loses the power of division, while the male 
reproductive cell retains the kinetic energy fur division but relies on tiie 
female cell to supply the material for development 

Summary 

1 By isolating the young Daphnia at birth and keeping them at 27** C. it 
has been possible to breed them for 19 ^nerations without the appearance of 
males or epbippial females, 8762 parthenogenetic females havmg been produced 
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2. Parallel coltures to the above, when the parents are kept crowded to 
the number of 10 in a glass and at a temperature of 10-17^ C , produoed 
about 7 per cent males and 10 per ceut ephippial females. 

3 The crowding does not directly influence the supply of food, but appears 
to act by the accumulation of excretory matter in the glasses 

4. The parthenogenelic females kept isolated at 27‘’ C grow and repto* 
duce more rapidly than those crowded at 10-17° C, and they store up 
reserve material almost exclusively in the form of glycogen, while tlie 
crowded parents at a lower temperature tend to store up fat instead of 
glycogen and are inhibited in their growth 

5 The storage of fat as opposed to glycogen is especially chanietenstic of 
the males and epluppial females , hence it is judged that the fat-storage 
induced experimentally in the crowded parthenogenetlc females at 10-17° G 
18 causally connected with the production by them of the sexual forms. 

6. We may conclude that the habit of glycogen-storage leads to rapid 
growth and parthenogenesis, which is a form of disoontinuons growth, while 
the habit of fat-storage leads to inhibition of growth and sexual mode of 
reproduction 

7 In the higher Grustacea the act of growth and moultmg is accompanied 
by heaping up of glycogen in the liver storage-cells as opposed to fat, while 
m the penods between moults fat-storage preponderates 

8, Preponderant fat-storage in the liver la characteristic of female orahs 
maturing their ovaries and of crabs infected by Saoculina, and in both these 
cases growth is inhibited. 

9 We thus hnd that both in Gladocera and Becapoda growth on the one 
hand, and sexual maturity on the other, are accompanied by a different type 
of reserve storage, which is also distinct in the case of the male and female. 
This is the physiological fact at the root of the antagonism between growth 
and sex 

10 Sexual reproduction is a reaction to conditions when oontmued growth 
is disadvantageous or impossible. Sexual differentiation is an economy or 
division of labour by which the female reproductive cell stores the wiafawuil 
for development and thereby loses the power of division, while the cell 
retams the power ol division but rehes on the female to supply the material 
for development 
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LepidoHtrobuB keiituckieusis, nomen non , ftmnerly Lepidmtrobus 
KjHchen, .Sco« and Jeffrey a Correction 
ny I) fl ‘^roTT, For Seo US 

(Koceivod .THiiuary H, 1915 ) 

111 a iwper by Prof Jeffrej ami myself, published lu the ‘Philosophical 
Transactions,’ last yeai,* we desoubed a newspeoiesof Lepidodiobua from the 
Waverley Shale ol Kentucky, iindm the name, Lqndo^n^ts Fme/iert My 
fnend. Prof U Zeiller of Pans, has new kindl} pointed out to m» that the 
specific name FiKhen is not admissible, another fossil cone having been 
descnlied in 1890 by M B Renault, tmdei the name name, Lepidottrohu* 
/WAmf T am sorry to have overlooked this retemnee, an overnight for 
which I am solely res|s)nsible 

Our fossil must now receive a new name and it m unfoitunate that it is no 
longer possible to record in the specihc designation the name of the 
discoverer, Mr. Monts Fischer The name I now propose for our cone is 
Lyndoetrt^nu kmtvckumsw, after the Htate in which the plant-lieanng deposit 
occurs The diagnosis is brielly repeated below 

* D. H Scott and K G JeffTsy, ** Un Fossil Plants, idtowmg Structure, from the Base 
of the Waverley Shale at Kentuoky," ‘Phil Trans,’ B, vul 200, pp 310-873 (1914) 

t "^ttdss sttr la Terrain Houiller de Oommentiy —Flore Foestle, 8me partie,” ‘ Bull 
Sue ladustr, Ifin.,' Be S4rie, IV, 9me Livi* , p 586, Plate 61, fig. 3 (1890). 
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Leptdostrohus keni^ickimm, iionien nov 

LeptdoHirobm Fatehs, Scott and Jeffrey* {non Renault) 

Cone large (4 cm in diameter to outer end of eporangia) 

Sporophylbi m about d6 vertical eeneR. 

Stele with a large “pith” of proflenchymatous cells, surroundeil by a 
somewhat narrow ring of xyleni with prominent angles 

Leaf- traces with definite, confluent sheaths ^ 

luiier (or middle) cortex narrow, with au interwoven structui'e, but no gaps 

Outer cortex very wide, piosenchymatous 

Pedicels of sporophylls triangular in section, with a groove and median 
" ridge on the upper surface , vascular bundle (rarely preserved) lying in soft 
tissue above the median ndge 

Sporangia reochmg 17 mm lu length, with a palisade-wall and distal eldest. 

Mictospoi'es in tetrahedral tetrads 

Tetrads about individual sjiores about GOx 4S/i in diameter, smootk 

From the Ijasp of the Waverlcy Shale, near Junction City, Jloylo County, 
Kentucky, USA 

♦ ‘Phil Trans,* B, vol 206, pp 3*i4--^0S, Plate 29, phots 16->2l , Plato 30, figs 20-23 
(IBOO) 
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Inveaiigatwns on Protozoa in Bfdation to the Factor Limriing 
Bacterial Activity in Soil. 

By T, Goodet, M So, Protozoologist, Baaearoh Laboratoiy in Agnoultnml 
Zoology, University of Birminghaui 

(Communicated by Prof F W Gamble, F B.S Beoeived December 3, 1914 ) 

fiii^oetuettorh 

In the course of iny work on soil protozoa particularly in relation to the 
question of the paitial stunhsation of soil, 1 had occasion to work with some 
of the old stored soils kept at the Bothamsted Experimental Station, 
Harpenden, at which laboratory the work here recorded was commenced 
These soils are remarkable for the length of time they have been stored, 
67 years being the longest period, and for the &ct that in many cases the 
ongmal samples put up in large bottles have remained untouched since the 
day on, which they were bottled 

Preliminary cultures of some of these soils in hay-infusion were begun in 
1912 to ascertain the charoctei of the protozoan fauna, if such still persisted 
m them, From these cultures it was found that in a mixed sample from 
Broadbalk, bottled in 1846 and conlaimng about 8 per cent of water by 
weight, no protozoa were present, whilst m another mixed sample taken from 
SIX bottles of Bainheld soil, put up in 1870 and containing about 10 per cent 
of water by weight, amoebee and flagellates but no mliates were present 

Quantities of these two soils were taken and were submitted to partial 
sterilisation treatment ai order to find out if the limiting factor usually 
eliminated by partial sterilisation was present in them. The results obtained 
by bacterial counts over a period of about 281 days showed that in the 1846 
soil no factor limiUng bacterial activity was present, whilst m the 1870 soil 
the limiting factor was present.* 

As a result of this work I decided to use some of the 1846 soil for 
inoculation with diShrent species of protozoa obtamed from soil, in order to test 
if possible their power to act as the factor limiting bacterial activity The 
protozoa selsoted for oulture and mooulation into separate samples of soil were 
the following i—Uofpoefa owmUm, Col mmpam, Col Oetmi, and Vbrtieelta 
mterottoma Amuba sps. 7 and Flagellate sps 7 were obtamed by onlture 
from the 1870 sml which, as already mentioned, had been found to contain 

e Xhii work was oarried out in ooUaboration with Dr. H B. Hutdiinson at 
Bothamatad. 

rcn.. ixxivfa.-*B. 2 n 
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the htniUng factor, presumably the amcshsQ and flagellates in it, according to 
Bussell and Hutchinson's hypothesis. 

Besides the above senes of samples the set was made up to include a bottle 
of untreated soil, and one inoculated with a culture of bacteria representative 
of the bacterial flora added with the cultures of pioto^oain the other samples, 
so as to serve as a check against them , and a bottle to receive 10 per cent of 
the 1870 soil, thus making nine bottles of soil in all 

Another set of soils was expenmouted upoit at the same time This 
consisted of seven bottles of fresh Hoosheld soil, pattially sterilised first by 
toluene and then by heating to 05^ C , so as to eliminate the himting factor, 
and then moculated again with cultures of }>rotozoa obtained from the 
untreated soil. The senes consisted of the following — Untreated, Toluened, 
Toluened + Untreated, Toluened + Ciliates, Toluened +AiDflebfle, Toluened + 
Fl^ellates, Toluened + Bacteria. The bacteria used foi tlie last-named 
inoculation were representative of the bacterial flora of the other cultures. 

In each set of bottles the water content of the soil was finally brought to 
about 18 or 20 per cent by weight , this being about the water content at which 
many of Bussell and Hutchiiiscm's* soils have been mamtained, and at which 
they have found the limiting factor to be active 
I decided at the outset to make penodic bacterial counts by the gelatine* 
plate method in order to determine the numbers of bacteria m the soil as 
nearly as possible once a month and to carry on the experiments for a long 
period. 

Methods. 

A mixed sample of soil from six bottles of 1846 soil was taken and divided 
into nine lots of 400 gnu in each. 

Each lot of soil was put up m a quart bottle which had previously been 
stenlised and plugged with cotton wool 
In the case of the Hoosfield soil seven 400 grm. lots of slightly air*dned 
soil were taken after having been passed through a 3-min. sieve. These 
were bottled m exactly the same way as the 1846 soil. The soil was first 
toluened by the addition of 2 per cent, of toluene, which was allowed to 
remain in the soil for two days, after which the seal was spread out on sheets 
of paper so as to allow the antiseptic to evaporate. Hay«infasion cultures 
of the toluened soil were made, and as it was found that flagellates 
developed in the cultures the bottles of soil were submitted to steam heat at 
a temperature of 63^-65^ C. for three to four hours This operation was 

* Buaaeil and Hutohmion, * Jour Agrie Science,’ vol 3, Fart 11 (19Q9X and voL & 
Fart 11 (1913), 
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earned out iti a steamer, the temperature of which was regulated by means 
of a thermostat Hay-mfustou cultures were made after tlus second treat* 
ment, and it was then found that no flagellates cropped up 

The cultures of protozoa used lor the inoculation of the bottles of soil 
were obtamed in the lollowing manner , Hay-mfusion cultures were mude 
from fresh soil and from old cultures containing cysts which I had on hand 
lly the use of tine capillary pipettes it was possible to isolate mliates, which 
were then sub-oultured in hay-infusiou I found it best to use liay-in fusion 
already containing active bacteria for the sub-culture of isolated tomis, the 
bacteria serving immediately as a source of tood for the protozoa. Cultures 
of flagellates from the 1870 soil were obtamed in the same manner, and for 
tlie culture of amcebie from the 1870 soil 1 made use of cysts from pure 
cultures on agai plates which 1 had by me In this way pure cultures of 
the following protozoa were obtained for use with the 1846 soil — Ccl 
eueullus. Col maupasn, Cd deimt, Vort mtaodonia, Amdba sp ?, and 
Flagellate sp i 

The protozoa for inoculation into the treated Hoosfield soil were obtained 
by isolation and sub-culture of forms cultivated in liay-infusion from the 
untreated Hoosfield soil, so that the forms added should represent as nearly 
as possible the fauna oiiginally present in the soil The cultures of protozoa 
thus obtained were one of Anueha sp ^ one of Flagellates sp ^ and one 
of Ciliates, including Cd euciUhut, Cd deinn, and Cd vumpam The 
small Ciliate Balaniutpharus mvnutus or elongatua also occurred in the 
cultures made from the untreated soil, but as I was unable to obtain this 
free from flagellates, the culture of cihates did not mclude this form 

In order to obtain mass cultures of the protozoa in sufiicient quantity to 
serve for inoculation into the soil the following method was employed 
80-grui. lots of washed and sterilised sand were put into large sterile petri 
dishes or glass cylinders and covered with hay-infnsion, which was then 
infected with a pure culture of protozoa, and the latter were allowed to 
multiply and populate the culture. 

In this way a large quantity of each kind of protozoa was obtained for the 
inoculation of the soil This prooess was carried out by spreading the soil 
on sheets of stenhsed brown paper and then mixmg the sand-hay-infnsiou 
culture of protozoa into it by means of a sterilised spoon, the whole of the 
soil, sand, and hay-mfusion beoommg thoroughly well mued together and 
thus ensurmg an even distribution of the protozoa throughout the eoil In 
the case of the 1846 soil the mooulation was carried out m a glase-house 
which had been steamed down in order to allay dust and thus mmimise the 
ofaanoe of infection. The soils were left exposed in this houee foi some days 

2 M 2 
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in order to allow the bulk of the water to evaporate off, and a heating lamp 
was put into the house in order to accelerate slightly the evaporation 
The reason for thus dnving off the bulk of the water frmn the soil was 
that I desired to bnng about in the soil all the conditions possible for aiding 
the exoystatiQu of the added encysted protozoa, for I had found in expen* 
inenting with cysts that if they were shghtly air-dned and then moistened, 
excystatiou was more rapid than where no slight drying had been allowed 
The water-contents of the inoculated soils, when bottled agam at the end 
of those few days of air-drying, were as follows — Untreated, 6 2 per cent , 
Untreated Bacteria,* 2 7 per cent , U + Gol eueultus, 7 4 per cent , U -f 
Col. stmnii, 7'22 per cent., U + Col. maupant, 69 per cent , U -I- Vbit. 
microstoma, 6 8 per cent , U + Amaiba!, 7 6 per cent , U -P flagellates, 
7 6 per cent. U. + 1870, 6 6 per cent. 

Sterile distilled water was next added to all the soils, m sufficient quantity 
to bring up the water-content of each to 18 per oent 
In the case of the seven bottles of Hoosfleld soil, the samples were 
inoculated with protozoa from the sand-hay-infosion cultures m exactly the 
same way as described above These lots were spread out on sheets of sterile 
brown paper and left in the drying room for five hours at a temperature of 
about 20* or 22* C. in order to drive off the bulk of the added water and 
bring about conditions &vourable to the exoystation of protozoa after 
re-moistenmg The water-content of the vanous soils after drying was as 
follows — Untreated (U), 74 per cent., Toluened and heated (T), 5*9 per 
oent , T -I- Untreated (T -p U ), 6 8 per oent , T. + Odiates (T -P 0 ), 
d 1 pel cent , T -P Amceiba (T. -p Am ), 2 7 per oent , T. -P f'lagellates 
(T. -P FI ), 3 per cent , T -p Bacteria (T -p B ), 16 per oent. Stenle 
distilled water was then added, as in the case of the 1846 set, in order to 
bnng up the water-content of each lot to 18 per oent by weight 
Both sets of bottles were then left in a small warmed glass-house, the 
temperature of which varied between 46* and 65* F. Later on they were 
taken from the glass-house and kept in the laboratory in a room at about 
12-15* 0. At various intervals dunng the course of the work the water- 
content of each soil has been determined in order to estimate the loss of 
water by gradual evaporation, and at these times the loss fromeach has been 
made good by the addition of sufficient stenle distilled water to bnng up the 
water-content to 18 or 20 per cent, by weight 
In attempting to estimate the numbers of protozoa present in the soils tike 
following methods have been employed — • 

« Thu lot WM treatod in the ssne manner as the moenlsited HoosEsld Kdl desortbsd 
farther on. 
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A dilution method was first used which Dr« H. B« Hutchinson had devised 
and which he and I had used m 1910 in the course of some joint work. 
Ten grm. of soil are shaken up for four minutes with 100 oo of l-per-oent 
hay-infusion, either sterile or contaimng an active growth of soil bacteria. 
Bjr means of stenle 1 co pipettes varying quantities of this soil Buspension 
ore taken out and placed in sterile tubes , three tubes of each dilution being 
put up In the case of the smallest quantities of soil suspension more hay- 
infuslon IS added in order to give a sufficient quantity of liquid for purposes 
of manipulation. The scheme of dilution is as follows * — 
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The cultures thus obtained are allowed to moubate for about a week and 
mioroBoopioal examination is made of the surface layers by taking out drops 
on a sterile platinum loop and examining them on glass slides It protozoa 
oooui in the cultures of any particular dilution, then (me mfers that they are 
present in the soil in numbers equal to the factor requited to raise the 
particular dilution to 1 gnn. Thus if they occur in all three cultures of 
0 001 grm , then there are at least 1000 protozoa per gramme of soil The 
method possesses the advantage that one deals with a comparatively latge 
quantity of soil, yvt 10 grm, and should thus be able to overcome the 
difficulties of any irregulai distribution of protozoa in the soil itself, provided 
a good Buspension is made However, in working with it T have obtamed 
most irregular results, which 1 have not been able to explain, and for 
this reason 1 have practically given up usmg it in favour of an agar>plate 
method. 

Before leaving the hay-infuzion method, however, I may add that I earned 
out a series of experiments in order to ascertam if the violent agitation of the 
soil sad liquid, m makmg the suapemdon by shaking for four mmutes, had 
any nyuzious effi»ot on living protozoa 1 found, when soil wa» added to 
a hay'infusion culture containing innumerable active oihates and apparently 
no encysting forms and the mixture was shaken violently for four minutes, 
that on makuig a aeries of dilution oultnres from this suspension protozoa 
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cropped up in abundance tliroughont, thus showing that they had Buffered no 
damage 

The agar*plate method which I have used is as follows — Sterile petn 
dishes are poured with nutrient bouillon agar of about 0 6 to 1 per cent m 
strength, and, when cool, the surface of the agar is inoculated with a weighed 
quantity of the soil the number of protozoa m which it is desired to ascertain. 
Three plates, as a rule, are inoculated with each weight of soil and the fidlow- 
ing are the weights of soil which have been used — 1, 0 5, 0*2, 0 1, 0*06, 0 02, 
0 01 , 0 00.5, 0 002, 0 001, 0 0005, 0 0002, 0*0001 grm The plates are allowed 
to mciibate for a few days and then the surface of each is exammed under 
the microscope foi the presence of protozoa The method entails the use of 
a sensitive balance and is limited by the dilhculty of manipulating such small 
quantities of soil as aro produced in weighing in the region of 0 0001 grm 
However, the results which 1 have obtained with it are fairly consistent and 
are more trustworthy than those of the hay-infusion method, I think 

It was my hope at the beginning of the experiment to obtain evidence, by 
means of the counts of protozoa, concerning their activity and mnltiphcation 
if such were jiroceeding 

Counts of protozoa were therefore made at the beginning and towards the 
ends of the experiments. The bay-infosion method was used m the first 
counts and the agar-plate method for the later ones As I have pointed out, 
the latter metliod gives higher counts and more trustworthy results, and one 
cannot, therefore, strictly compare the evidence afforded by the two methods. 

Foi this reason I Imvo not found it possible to obtain sound eindenoe as to 
whether the protozoa have multiplied since being added to the soil See 
footnote, however, on p 454 


The BMtenal Comis 

The results of tlie periodical determination of the numbers of haotena by 
the gelatine-plate method are tabulated below and the onrves obtained by 
plotting these results ate shown in figs 1, 2, 3, 4, and 5. 

In order to simplify matters 1 have arranged certain carves together, for 
the whole nine curves when plotted all togetiier present a confusing SRay 
and do not lend themselves to easy elucidation. 

Fig 1 shows the curves obtained from the untreated, baotena, and 
V mmoHoma inoculated soils. 

The most noteworthy feature is the extraordinuily high bactff«*«al count in 
tile Bactena soil at 32 days and the subsequent drop in tiie aumbeiia «{ 
baeteria to a level below that of the untreated soil, Thie low baoteriel 
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content was maintained over a verj long period — 366 days— and is perhaps 
the most surpruuig and unexpected result of the whole investigation. 
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The V microstoma curve is also very mtereating and shows the influence 
of some factor which had become operative by the end of 63 days and which 
subsequently kept the numbers of bacteria in check, though only at about the 
same level as the untreated soil 

The untreated curve also shows that the boctena have gradually decreased 
m numbers after reaching and mamtaming a high level for 181 days. These 
results are very interesting wlien considered in ^relation to the number of 
protozoa m the soils 

In the untreated 1846 soil no protozoa are present, so that the gradual 
decrease [in the number of bacteria cannot be duo to the activity of the 
protozoa The V microstoma soil, however, contained, a few weeks after 
inooulation, about 300 vorticellaa per gramme By December, 1913, however, 
all the vortioellss had died out, tor they failed to appear in cultures of the 
soil mode at that time and on all occasions amce * Flagellates and amcebie 
are present in this soil, probably due to infection of the mass culture or 
during the initial air-drynig of the inoculated soils, to the extent of 1000 
flagellates and 100-200 amcebaB per gramme 

It IS probable that these lead an active tropluc existence in the soil and so 
might be considered responsible foi the hnutmg action on the baotena This 
can scarcely be the case, however, when we consider this soil m relation 
to the bacteria-inoculated soil In the latter there are flagellates present 
to the extent of about 100 per gramme If now the limiting factor in 
this soil 18 considered as due to the action of these flagellates, we should 
expect to find not so great a decrease in the bacterial numbers as in the 
vortiooUa soil, where the flagellates are more than ten times as numerous, 
and where there ai'e, in addition, 100-200 amenhes per gramme The 
reverse of this is the ascertained result, and clearly negatives the idea 
that the flagellates and amcebee are responsible for the hunting action on 
the baotena. 

Another pomt of interest is that the two curves for the untreated and 

* Thici dying out of the Vorticdla mtoroitema u very intereatmg At first I thought 
its failure to appear might be due to an unsuitable culture medium. 1, therefore, tned 
to obtain it again, taking caie of the reaction of the hay-uifusion, but with no better 
success It also foiled to appear on a nutrient bouillon agar, favourable to the growth of 
all the other prutosoa under oonsideration 1 afterwards remembered that in some ' 
eorller experiments 1 had failed to obtom Vorticella from a soil whidi hod been kept in 
the laboratory for some months and from which 1 hod obtained a very fine onlture of the 
organism when the soil was fresh At another time too I foiled to get the excystoticm of 
V fMcruttoMia from cysts which 1 had obtained in a hoy-mfunon culture and which hod 
been stored for a few months From this evidence it would appear that V. muscostew in 
its enc^ysted condition does not retain its vitality for more than a few numtha, and the 
dying out in my sod u eaaily ocoounted for on thu supposition. 
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V munro^oma soils are, during the greater part of their course, so 
closely akm that withm the limits of experimental error they may be 
considered identical In one of them no protozoa are present, whereas 
in the other amoebte and flagellates are present If the latter are the 
limiting factor they have failed to reduce the numbers of boctena below 
the level of the untreated soil oontaming no protozoa. 

Fig 2 shows the curves for the three samples of soil inoculated with the 



three different species of Colpoda, viz, Col ntcuUus, Col sUinvi, and 
Col maupaaii, together with the curve of the untreated soil 

There is a marked similanty between all four curves , all of them are of 
the some type and show no very pionounced diflerences On the whole, 
the bacterial content of the three inoculated soils has remained higher 
than that of the untreated soil, in spite of the fact that each contained 
many hundreds of protozoa per gramme They thus foil to mdicate any 
action by the piotozoa of a limiting character on the bacterial population of 
the soil 

In the Col eaeullvs soil there are, roughly, about 750 Cci eueulhu and 
1000 flagellates per gramme, the latter only being found in the later 
determinations by the agar-plate method. The Col. stemit soil contains 
about 100 Col steinit and 1000 flagellates per gramme, whilst the C(4. 
maupasit soil contains about 1000 Col. mavpattt, 200 amoebe, and 100 
flagellates per gramme.* ^ 

One would 'have expected that had the protozoa been capable of acting 
as a check on the growth of bactena m the soil, they would have brought 
their numbers to a level well below that of the bacterial content of the 
untreated soil. Instead of this, however, we And after 519 days all three soils 
showing a higher bacterial content than the untreated soil. 

* Tbe numben given for the protozoal oounte are those obtained in the last 
determination. 

ne aombae which occur now in these soils are due meet probably to infection either 
of the soil samples daring the initmi ur-diying or of the mess culturee 
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This iH good evidence, I think, that the protozoa have not funotioned as the 
hmiting factor 

In the case of the soils inoculated with cultures of amoebte and flagellates 
obtained from 1870 soil, the curves for the bacterial counts of which are 
shown m hg 3, the general inference to be drawn is that after a period of 



18 months in which to act, the protOiSua have not exerted a limituig action 
on the bacteiia in then respective soils 
At 519 days the bacterial content of both inoculated soils is well above 
that of tlie untreated soil. 

The anioibce m the sample of soil specially inoculated with them are present 
to the extent of 10,000 per gramme, whilst in the flagellate-inoculated soil 
there are 10,000 flagellates and about 2000 amcebie per gramme These 
results are very intei eating, foi they indicate that even when protozoa are 
present in the soil in such large numbers and under conditions favourable to 
active existence they do not exert a depressmg effect on the bacteria 
The amoeba curve is especially significant, for it shows that oven m the 
presence of 10,000 amoeba per giamme of soil the bacteria can maintain 
a higher level in numbers than in the otiginal soil containing no protozoa. 

The curve for the flagellate-inoculated soil does not call for much comment. 
It IS practically identical with that for the untreated soil dunng a great 
port of its length, but on the whole is at a higher level and indicates that the 
10,000 Actuates and 2000 ammbee per gramme are not capable of bringing 
the bacterial (xaitent down below the level of the untreated soil. 

Fig. 4 sliowB the curves for the untreated soil and for the sample to which 
10 per cent, of 1870 soil was added. At the end of 519 days the untreated 
soil IS at a lower level than the IJ.+1870, though from 232 days imwaids 
the two curves are very similar, and from 860 days to the end of the 
expenment may be considered as identical. Ttwre are about 2000 a«uo*hw and 
2000 flagellates per gramme in the mixed 8(dl, and thb corves show thftt 
have not been able to bring down the faaotena to a level below that of the 
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untreated soil (see footnote, p 454) The Untreated + 1870 curve us on the 
whole, very even, showing no marked fluctuations up nr down, and it u very 



interesting to note that during the first 232 days the bacterial counts are 
below the counts for the untreated soil This seems to mdicate that some 
factor was introduced with the 1870 soil which, lor a time, checked the 
rapid growth of bacteria and prevented their increasing to the numbers 
attained by the bacteria in the untieated soil It is conceivable that this 
was owing to the action oi the protozoa added with the 1870 soil, but 
the fact that after 232 days the bacterial numbers foi the untieated soil 
came down below the level of the mixed sample, and that the two curves 
during the last 160 days are practically identical lends nosnppoit to this 
idee. 

Whatever the influence was wliicb during the flrst 232 days checked tlie 
growth of the bacteria in the mixed soil, I am inchned to regard it as con- 
nected with some other property of the 1870 soil than the presence of 
protozoa in it To be Inure explicit The 1870 soil was bottled in a com- 
paratively moist condition and received no drying about 1881 os did the 1846 
soil along with many others. This drying seems to have effected a A'ery 
important change in the 1846 soil and, taken m conjunction with the pro- 
longed period of storage has produced in it a condition comparable with 
partial sterilisation At any rate, the 1846 soil along with other dned and 
stored soils which 1 have examined gave very high bacterial counts when 
moistened, whereas the 1870 and otiier soils which have been stored in almost 
the same condition as they were in when taken fiom the field give low 
baoteiial counts and indicate the presence of the bmiting factor. The 
following experiments illustrate my point. 

Bacterial Counit m other Samples of Old Stored Soils, 

Three soils were taken for this piece of work, two of them from bottles of 
Broadbalk. soil stored since 1866 and 1865, and one from a bottle of Geescroft 
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soil stored since 1866 The two from Broadbalk were dry when taken from 
their original bottles, whilst the Gteescroft sample was in a comparatively 
moist condition 

The water-contents of these soils were not determined immediately after 
taking them from their respective bottles, because it was not my intention at 
that time to use them for bnotenal counts but merely to ascertain the 
ohaiucter of the protozoan fauna. As far as I could judge, I should say that 
the Geescroft soil contained about 10 per cent of water, whilst the Broadbalk 
samples were of about the same degree of dryness and contained about 
2 per cent or 3 per cent of moisture It was evident from the appearanee 
of the soils that the Broadbalk soils had been taken out and dried along with 
many other soils in 1881, whereas the Geescroft soil had been left untouched 
and closely resembled the Barnfield 1870 soil, containmg about 10 per cent of 
water, which I had used in earlier work 

1 found on examining these soils culturally tliat the Broadbalk 1856 con- 
tamed no protozoa, the Broadbalk 1865 contamed amoebte and flagellates and 
the Geescroft 1865 also contained amcebte and flagellates 

A weighed quantity of each of these soils was taken and after making 
mitial counts to determine the bacterial content they were all moistened to 
20 per cent, water-content. After a penod of 148 days the soils were 
remoistened to bring up the water-content to 20 per cent ogam, owing to the 
gradual loss of moisture by evaporation 

Bacterial counts by the gelatme-plate method were made at different 
mtervals and the results are set out m the table below 
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The curves obtained on plotting these results are shown in fig. 6. 

The most noteworthy feature of these curves is tiie high bacterial content of 
the Broadbalk soils and the low bacterial content of the Geescroft soiL The 
formei have all the appearance of curves of partially sterilised soils, whilst tiie 
latter presents the usual appearance of an untreated poor soil, oontsining a 
limiring factor. 

The drop at 180 days in the two Broadbalk soils may be aooounted f«r by 
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the loss of moisture, and the subsequent rise m the bacterial content may 
likewise be attributed to the more favourable conditions occasioned by 
remoistening the soils. 

Considered m relation to their protozoan fauna, these results are very 
instructive In the Broadbalk 1856 there are no protozoa In the Broad- 



balk 1865 there is a rich protozoan fauna to the extent of about 5000 amaebee 
and 6000 flagellates per gramme. In the Geescroft 1865 there are about 600 
amcsbB and 500 flagellates per gramme Thus the curve for the Broadbalk 
1865 shows that in spite of the presence of this laige number of protozoa, the 
bacteria can maintain a high level in numbers even after 231 days during 
which the protozoa should have been reduomg them. 

It may be suggested that the bacterial counts for Broadbalk 1866 are 
higher than those for Broadbalk 1865 because in the former there are no 
protozoa present to check the growth of the bactena I would point out, 
however, tliat the two Broadbalk curves are practically of the same order as 
oompared with the Gtoescroft curve One would have thought that in the 
presenoe of such a large number of protozoa os in the Broadbalk 1865, had 
these been capable of functioning as the limitmg factor, they would have 
oheoked ooasideiably the multiplication of the bactena and brought them down 
to somewhere near the level of the bacterial content of the Geesorolt soiL 
liy point IS to show that the drying to which the Broadbalk jsoils wm 
submitted has brought about a change in them stnctly comparable with the 
ehange usually produced by partial sterilisation, and at the same time has 
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produced this change in one of thorn without kilting off the anuBbe and the 
flagellates. 

The Geescroft soil remained iindnod and has a much scantier protosoan 
fauna than the Broadbalk 1865 soil, yet the curve for the baotenal counts in 
this soil would be interpreted as showing the presence of the usual limiting 
factor. 

1 have no evidence on which to base a suggestion as to what the real 
character of the change is wluch has been profluced in the Broadbalk soils 
by drying. I do suggest, however, that it has an intimate relation to tlie 
high bacterial counts which I have obtained on remoistening the soils 
I am quite pre^iared to admit that the merely negative evidence furnished 
by the above results does not help forward very mucli the final solution of 
this elusive problem, but at the same time I think that it is useful It 
jiomtB to the fact that much more information is required than is at present 
available on the changes brought about in soil by rapid air-drying or by 
drying at temperatures sufficiently low to avoid the kiUing of protozoa in 
the soil 

Russell and Hutchinson give details of several experiments on this 
particular line of investigation in their second paper (p 166), but there is 
room for still more research on these pomts. 

ffoonfieUi Inoculated 8ml Haetenal Counts 

The results of the bacterial counts for this set of soil samples ate tabulated 
below, and the curves obtained by plotting these are shown in figs 6, 7, 
and 8 As in the cose of the 1846 set of soils I have arranged certain 
curves together for the sake of simplifying matters. 

It IS necessary to point out at the outset that in attempting to interpret 
these insults there are two standards of comparison, viz, the curve for the 
untreated soil and tliat for the toluened soiL For this reason I have intro- 
duced each of these curves into all three graphs. 

Fig. 6 shows the curves for the Untreated, Toluened, T+C^iates, 
T.+ Amoeba), and T + Flagellates It will be seen that the untreated soil 
exhibits a normal low bacterial content , the hnuting factor is here exertmg 
its full mfluenoe. Compared with the untreated, the curve fur the toluened 
soil shows that the usual partial sterilisation efbet has been obtained, the 
baotenal numbers rising to and maintaining a level at about 60,000,000 or 
60,000,000 bacteria per gramme. Examining now the curves of the three 
inoculated soils represented m this graph and comparing them especially 
with the curve for the toluened soil, we find that after the lapae of 487 days 
the bacterial contents are higher than that of the Udnened amL Leavmg 
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oat of account for the moment the high ‘ bacterial countB during the first 
12fi days and the drops at about 150 or 170 days in all three cases, we may 
say that the protozoa added to the toluened soil in each sample have not 
reduced the bacteria to a level lower than that of the tokened soil alone. 
Judged m relation to the protozoa in these soiIb this is a very instructive 
result. The T.+Amoebts contained at the end of the experiment 10,000 
amcebee, perhaps more, and about 5000 flagellates per gramm& The 
T.-fFiagellates oontamed 10,000 flagellates, perhaps more, and about 
1000 amoshte per gramme, whilst the T.-f Ciliates oontamed about 3000 each 
at Od. tteimi and Ool mauj/cuit, about 500 OoL eueuUus, and about 1000 
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flagellates per gramme These are large numbers of protosoa, and it is 
probable that the amcebm aod flagellates have occurred m the aotive 
condition In no tsase, however, have these protozoa been able to reduce 
the bactenal contents of their respective soils to a level iiermanently below 
that of the toluened soil Cultures were made at the end of the experiment 
to ascertain if protozoa wore piesent in the toluened soil, vnth the result 
that about 5000 flagellates and about 10 amcebte per gramme were found m 
it Now the curve for the toluened soil is quite a normal one, and shows 
the usual partial sterilisation results when compared with that of the 
untreated soil 

Whatever be the limiting factor eliminated by the process of toluening 
and heating this soil, resultmg in the nse of the bactenal content from 
10,000,000 or 12,000,000 to 50,000,000 or 60,000,000 bactena per gramme, 
that factor evidently has no connection with the flagellates, for these have 
resisted the action of the antiseptic and heat and, though much reduced m 
numbers at the beginning of the ex|)enment, have succeeded in repopulating 
the soil 

The lesults obtained from these mooulated soils accord with those 
obtained from inoculated samples of 1846 soil In those it was found that 
the ciliates, amoebes, and flagellates failed to reduce the bactenal content 
below the level of the untreated soil In this soil they have not brought 
down the numbers of bacteria lowei than those of the toluened soil. The 
only inference which I can draw from these results is tliat the protozoa have 
not functioned as the hmiting factor on bactenal activity 


The curve representing the counts for T. + Bactena as compared with 
those for the toluened and untreated soils is shown m fig 7. It is 
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evident from this that the bacterial content of tlie T + Bacteria has main- 
tained a consistently high level, the nambers never gomg down to those of 
the toluened soil, though there is a decided drop between 32 days and 
337 days It might, at first sight, be supposed that high bacterial content 
was due to the absence of protozoa from the T. -|- Bactena soil, the bacteria 
of the soil left after treatment, together with those added, having no 
preying oiganisms around them to check their growth The T + Bacteria 
soil does, however, contain protozoa, no doubt the offepnng of those which 
withstood the partial sterilisation treatment, to the extent of about 
3000 flagellates and 100 amcebir per gramme Thus there are almost as 
many dagellates and many more amoebie per gramme of this soil than in 
the toluened soil. Yet m spite of these numbers of protozoa the bactena 
have maintained a much higher level than those in the toluened soil 

The high bactenal counts obtained dunng the first 160 days in all the 
four soils, VIZ T + Bactena, T + Ciliates T. -4- Amoebae, and T -f- Flagel- 
lates, together with the decided drop in all cases, are very interesting At 
first Bight it might be assumed that in the case of the three sods inoculated 
with protozoa the drop was due to the limiting action of the latter becoming 
well estabhshed This would appear to be sound reasoning if it were not for 
the fact that a similar drop occurs in the T + Bactena soil, where no 
protozoa were added Moreover, the protozoa found at the end of the 
expenment in the T + Bacteria and in the toluened soils are quite com- 
parable, and if we were to assume tliat the drop in the bactenal content 
in the T + Bacteria soil was due to the activity of the protozoa surviving 
partial sterihsation, we should be confronted with the difficulty that m 
one soil the surviving protozoa were exertmg a limiting action, whilst in 
the other they were not doing so, though conditions for trophic existence 
weie equally good in each case The high counts dimng the first 160 days 
may probably be explained by the fact that hay-infusion and very large 
numbers of bacteria were added to the soils m inoculating them and in 
this way the conditions brought about were very favourable to extreme 
bactenal activity as compared with the toluened soil, to which only stenle 
distilled water was added, and which consequently exhibits no exceptionally 
high bacterial figures In the same way the fall in the bacterial counts after 
about 160 days in these soils may, perhaps, be accounted for by assuming 
that the food supphes added with the hay-infusiou became exhausted, and as 
a result of this the bactena dropped to somewhere near the level of the 
numbers present in the toluened soil 

Fig. 8 represents the curve for the T. + 6 per cent untreated sdl along 
with those for the toluened and untreated soils It is evident that after 

TOL. ucxxvni.— B. 2 0 
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151 days the bacterial content of the inoculated soil remained at a lower level 
than that of the toluened eoil At the same time it appears to be pretty 



clear that the two curves are of the same order The T + 6 per cent 
untreated does not show a oontinuous and persistent decline m the numbers 
of bacteria, as one would expect if the Iimitmg hustor were due to the growth 
and activity of protoisoa added with the untreated soil The two curves are 
practically parallel from 259 days onwards, and it is obvious that the same 
set of conditions was affectmg the bacteria m each soil 

The numbers of protozoa present in each soil are as follows — ^In the 
T. + 5 por cent, untreated there are at least 10,000 flagellates, about 
500 amoebffi, and an almost negligible number of oiliates — 5 or 10 — ^per 
gramme * In the toluened soil there are about 5000 flagellates and about 
10 amoebee per gramme There are thus very many more protozoa per 
gramme in the moculated soil than in the toluened soil, and the lower 
bacterial content of the former soil is thus easily accounted for if we assume 
that the protozoa act as the limiting factor If we only had these two 
curves and that for the untreated soil on which to base our conolusions, the 
above inference might be considered correct. But when we take into con- 
sideration the points already mentioned in connection with the other 
inoculated soils, it is scarcely possible to assume that this w the real 
explanation. 

It has been shown that in the case of the toluened and the T. + Baeteria 
soils that the flagellates can be left out of account, so for as any possibiBty of 
functioning as the limiting factor is concerned So tiiat if the lower beoteidal 

* Thu soil affords evidenoe of the activity of the amoebnp added in the 6 per cent, of 
untreated soil. Amoebte are present in the latter to theextent of about 8000 per gninme> 
and aisunung that thu number was present at the ttnu the emls were mixed, we can 
reckon that in eadi 100 gnn. of the mixture there were 18,000 aoMebie or 180 per gisiume. 
Iliere were present at the last protosoal count BOO per gramme, thus drawing that ths 
original 180 had incrasMd to 800 per gramme, ffimilarly the 1840+10 per oenh 1879 
soil discussed on p. 447 gives evidence of the amcebse added In the 10 per cent of 1870 soO 
having ulaeased from 80 par gramme at the hagmung to 8000 p«r gnamraat As mid 
of the expenment 
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oontent of the T + 6 per cent untreated soil w due to protozoal aotivity it 
muat be the 500 amoebee and about 10 eiliates per gramme which are respon- 
aible for it It seems to me highly improbable that this is the true explanation 
when we consider the enormously larger numbers of amcebsc and cdiates 
present in the T + Amoebeo and T + Giliates soils, where the protozoa 
obviously have not effected a limiting action on the bactenal contents of 
their respective soils 

It IS clear, however, that some factor has been added to the toluened soil 
in the 5 per cent, of untreated which acts as a check on bacterial growth 1 
cannot find support in these results, however, for the assumption that this 
limiting factor is tlie protozoa would suggest that the influences checking 
the growth of bactena are connected with some other property of tlie added 
soil than its contained protozoa. 

General Dieeuegum. 

The introduction of large numbers of bacteria into the samples of soil along 
with the added protozoa must be a source of disturbance to the bactenal flora, 
and for this reason the expenments dealt witli above cannot be considered as 
showing a clear issue between protozoa on the one hand and bacteria on the 
other 

I sought to reduce this source of error to a minimum, however, by the 
continuation of the experiments over a long time, thus allowing the disturbed 
bacterial floras to settle down so that any influence of the protozoa should be 
judged after this steady point had been reached, te after about 160 days in 
both the 1846 and the Hoosfield soil 

In order that the protozoa should have conditions, as near as I could bring 
them about, favourable to excystation I partially air-dried all the soils after 
they were inoculated 

In this way I hoped to meet the criticism which might be brought against 
the experiments that the protozoa had failed to function Moreover the soils 
were all kept under conditions of temperature, water-content and aeration 
exactly comparable with those under which Bussell and Hutchinson kept 
tiieir sods. If protozoa therefore could act as they supposed them to do in 
their soils they had every chance of doing so in my soils. 

Another pomt calls for some comment. Martin and Lewin* have found 
evidence of an abundant fauna of active amcebes and flagellates devouring 
bootena in certain soils which they have tested. They suggest that these 
have probably some influence on bactenal numbers and thus on soil fertility 
Their results are very important direct evidence of the activity of protozoa in 

* "SoiM NotM on Boil Protosoa," ‘Phil Tmu.,' B, vd. 806, pp. 77-84 (1814) 
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the soil, but this does not prove that theamoebiB and flagdlatesarefnnotioning 
as the limiting factor in the sense m which that term u used by Bnssell and 
Hutchinscm 

Before this can be shown to be true it will be necessary to conelate 
protozoal activity with a decrease in the numbers of baotena in a given soil 
specially inoculated with protozoa. 

1 have shown above (p. 446) that the presence of 10,000 amoebee per gramme 
of soil 18 not sufficient to reduce the bacterial content of a soil to the level of 
a similar soil containing no protozoa even though the soil be kept under 
conditions of moisture, etc , favourable to the trophic existence of amoebas 
and flagellates 

CondvMons 

The results of the experiments described above lead me to the conclusion 
that the protozoa, including ciliates, amoebee, and flagellates, added to the 
«oil have not been able to act as a factor limiting bacterial activity m the soil. 

Inferentially, therefore, the cUiates, amoebae, and flagellates obtainable from 
ordinary soil under cultural conditions do not function as the limiting factor. 

This IB in accord with and extends the oonclusion put forward m my earlier 
paper,* viz., that the ciliated protozoa are present in soil only m an encysted 
condition and cannot function, therefore, as the factor limitmg bacterial 
activity 

There is evidence, however, in the case where a small quantity of untreated 
soil IS added to a partially stenlised soil that some factor comes into actum 
which keeps down the level of the bacterial content The results obtamed, 
however, do not lend support to the hypothesis that it is the protozoa added 
in the untreated soil which have this influence, 

It IS shown in the case of Broadbalk 1866 soil, in which an abundant 
protozoan fauna of amcebte and flagellates is present, and presumably active, 
that the numbers of baotena maintain a high level This soil exhibits a 
clear case of partial sterilisation bemg effected without the elimmation of 
protozoa, 

It IS not within the province of tiiis paper to attempt to rebut the very 
weighty indirect evidence put forward by Bussell and Hutidiineon as to the 
biological character of the detnmental fketor. The xesulta obtained, however, 
warrant the oonclusion that ciliates, amoebse, and flagellates cannot be inolnded 
m that biological factor 

* ‘ Boy Soc. Proo B, vol 84, p, 166 (1911). 
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On the Mesodermic Origin and ike Foie of the So-called 
Meaectoderm in Petromyzon 
S Hatta (Sapporo, Japan) 

(Communicatod by Prof E W MacBnde, FRS Received Boccmlier 10, 1914 ) 

Jntrodwtorif, 

About 20 years ago v Kupffei (85) described m the embryos of Petromyzun 
an epithelial structure extending, between Ute ectoderm and the somatic 
plate of the mesoderm, from the head to the posterior boundary of the 
branchial region, and desenbed it under the name of the nenrodermis, 
subsequently, be bestowed on it the name branchiodeimis Seventeen 
years later the same structure was again discovered by Koltzoff (02), who 
identified it with the meseotoderm which was described by Miss Platt (94) 
in Nectuns embryos Subsequently, so lar as Fetromyzon is concerned, 
nothing was published until last yeai, when a paper by Schalk (13) appeared, 
although the corresponding layer of cells was desenbed by A Dohm (02) m 
Selachii and by Brauer (04) in Gymnophiona 

For a long tune the origin and fate of the layer in question engaged my 
attention Last summer I was able to re*examme my sections and to confirm 
observations which I had previously published in a paper entitled “Die 
Bildungsweise und erste lliiferenzierung des Mesoderms beim Neunange 
(Lampetra mitmkurit, Hatta),” in which the ongin and differentiation oi 
the so-called mesectoderm are described and illustrated by a senes of 
xmcrophotograpbs To my regret the papei, which was ready for press 
when the great war broke out, could not be sent to the editor of a certain 
soientifio journal in Belgium, who had promised to publish it in his journal 
The present note is an attempt to communicate some of the pmcipal pomts 
of that paper which relate to the mesectoderm The other oigans dealt 
with in the above-mentioned paper have already been desenbed in prelimmaiy 
notes or in my previous papers 

1. Origin of (he Meaeetodtrm. 

The previous authors who deal with mesectoderm luvanably assume its 
ectodermic origin The layer was so named by Platt, because, m spite of 
its supposed ectodermic denvation, it takes on in its further differentia- 
turn features like a mesodermic structure. About the mode in which the 
layer arises from its assumed mother-layer, positive evidence has not os yet 
given by any of the authors, exc^t Schalk, who endeavours to make 
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intelligible, by ineainB of figures and desoriptionB, the precise mode m which 
It originates 

According to v Eupffer and Koltzoff, the mesectodeim is formed of cells 
liberated partly from the medullary cord, but in the main from the ectoderm 
forming the lateral walls of the head and of the' hrandual section of the 
body. The cells of the branchial region are regarded by them as bemg 
proliferated fiom the ganglionic placodes Th^ cells, whether medullary 
or ectodermic in origin, are classed together by the authors and designated 
as ectodermal^ because the cells from the two sources become so much 
intermingled as to be indistinguishable, when once they have left their 
uiotlter-layers 

But the cells of the mesectoderm become differentiated, as then hitei 
history shows, in two directions viz. into the cephalic nerves with their 
internal ganglia on the one liand, and into the tissues which give rise to 
the cartilaginous branchial basket and the connective tissue on the other 
For this reason probably the mesectoderm has been designated either as 
neuiodermis or as branohiodermis, until Koltzoff (02) identified it with 
the oorrespondmg btruoture found by Platt in Nectwms latendte Keither 
V Kupfier nor Koltzoff were able to distmguidi m the mesectoderm the 
nerve cells from the other elements, but each states that Ixith the nerves and 
cmiiieotive tissue are derived from one and the same source. 

Koltzoff distinguishes in the mesectoderm the dorsal division, which is found 
above and witlun the cephalic ganglia, and the ventral division, whidi extends 
below them towards the ventral surface This attempt amounts to nothing 
and IS founded only on histological distmotion, the dorsal division is a 
network of the strings caused by the couneotKm of the ceils with one 
another by their protoplasmic processes, while the ventral divisnm of tiie 
layer consists of a typical epitheUum of oolmnoar oeUs But this ]iisto> 
logical difference is a temporary one, and does not indicate, as Eoltsoff 
believes, a differentiation of the nerve cdls from the other elements of the 
ineseotoderm. 

The pnnoipal point in which the results by Sohalk differ from those of the 
autliors above mentioned consists m the origin of the meseotodermal oells, 
which, according to him, is confined absolutely to the ectoderm, ho deniee 
positively that any of these cells have n medullary or^n. He says, however, 
nothing definite about the nerve cells or the meeodetm somites, exe^ that 
tlie sclerotomes give rise to the trabeouhe and pataohoidals. 

If I understand Sohalk correctly, there am two phases in ^ Uberatton «f 
the meseotodermal cells from the eotodnm. In embiyoe ahont ten days eld 
sdeoted from his material, the heads of which have just begun to be mlwd 
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above the yolkt more or leas conspiouoaa groups of cells are probfented from 
the ectoderm, at about the level of the chorda and nmnterruptedlj from the 
eye backwards along the whole extent of the branchial tract of the enteric 
canal, and these cells push their way rentrally .between the ectoderm and 
mesoderm The cells of this first phase are, the author believes, identical 
with those of the brauchiodermis of Kupffer 

In qmte young embryos the production of these cells goes on throughout 
one contiuuous streak, but in a little more advanced stage it is concentrated 
111 certain centres, which Schalk believes to have been detected by him and 
which resemble the nerve placodes of Kupflfor This concentration indicates 
tlie beginning of the second phase of cell production 

In the second phase of the formation of meaectoderm which Schalk 
descnbes, each centre of cell production is found close behind each visceral 
pouch, except the hyoraandibular, which is destitute of such a centre The 
statements are illustrated by his text^figs. 16 and 17 The centres are 
produced by local thickenings of the ectoderm, which appear from before 
backwards one after anotliei and proliferate the cells in a contiuuous layer, 
which becomes pushed backwards so as to be mixed with those of the 
branohiodermis, so that the cells of both lots can no longer he diatingmshed 
one from the other But ho says nothing definite as to whether the 
branohiodermis, or the cells directly descended from the placodes, represent 
the formative elements for the branchial cartilage bats He says merely 
quite indefinitely “ Wenn nun aucb jene klemen Plakoden mogUcherweise 
an dor Bildung der Branchialnerveii Anteil haben, so glaube ich doch 
behaupten zu konnen, dass ein Teil der aus jenen Epidermisplakoden 
auBwandemden Zcllen bei der Bildung der Kicinenknorpel verwandt werden " 
(14. p. 66). 

Schalk IB correct in so far as he excludes the medullary cells from the 
origin of the meaectoderm, in other respects the results given by him do not 
add anything to what everybody hod assumed 

1 have observed all the oocorrences which Schalk gives in his figures and 
found that they have nothing to do with the meaectoderm. 

How and when the coll proliferation of the placodes in the branchial region 
is closed, we cannot learn from the statements given by him at all But his 
text-fig 18 shows a great resemblance to a section from a series of frontal 
sacttoDs through an embryo, 12 to 13 days old, in ray possession, which is 
just hatched or is about to break the dhorum. At such a stage as this the 
meseetodenn is, of course, already fully established and has commenced even 
to be difibreatiated, as is clearly seen in the figure referred to ; the eon- 
tinuouB epithelium is divided by the outgrowth of the viscerid pouches into 
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brancbiomeree, and the proximal part o( each branchiomerio pieoe u 
swollen np (Schalk’s text*ltg 18, p 6), giving rue to the cartilaginous 
visceral bar * The ectoderm lying in close contact with the thickened part 
of the mesertodermal epithelium, which u shown in the figure by Schalk as 
continuous with the ectoderm, u a thickening produced by active multiplica- 
tion of the component cells of the ectoderm (text-fig 1, a). 

This ectodermal thickening assumes an oval outline with its long axis 
vertical and grows inwards (text-fig 1, b), pressing against the rudiment of 
the cartilaginous visceral bar But the conical bottom of the entodermal 
visceral pouch in front pushes its way laterally and backwards, and presses 
upon the invaginating ectodermic pouch, hnally fusing with it On the 
14th day this spot becomes jierforated and foims an oval slit with its long 
axis vertical, and the gill slit is thus establuhed (text-fig 1, c) The 
rudiment of the cartilaginous visceral bar u found close behind thu onfice 
Now, the thickening of the ectoderm which Schalk saw was the developing 
gill-cleft and had no genetical relation to the cartilaginous visceral bar. 

A thick section might mduce one to assume continuity of the thickened 
ectoderm and the likewise thickened meseotoderm , but, in reality, both the 
parts are separated by a sharply defined boundary line, as careful observations 
of thin sections prove without difficulty. 

In spite of his efforts, Schalk could not detect, as he says, a corresponding 
placode in the hyoid segment Here, in fact, no ectodermal thickening for 
the gill-oleft takes place at all, because the hyomandibular pouch in front of 
this visceral area does not break out to the exterior, but is transformed into 
the velar cavity; it has no direct respiratory function, but perfmnns an 
auxiliary semoe to it. 

I may be permitted to add a few words on the placodes of nervous nature 
in the branofaiol region, in order to avoid poeaible confusion of them with the 
ectodermal thickening for the gill-olef t above stated Y. Kupfibr (94) was the 
first who described the ganghonic placodes, termed by him the epibranobial 
placodes The placodes of the epibranobial ganglia are situated at the 
level of the dorsal edge of the lateral plates, consequently at a much hi|^er 
level than that at which the ectoderm thickens for the gUl-clefts, and the 
placode appears m each branchiomere from the vagus segment, which 
represents the fourth branchiomere, counting from the premaadihular ar«di 
to tlie hindmost branchiomere behind the last or eighth visceral pouch. 
These placodes are, of course, purely nervous and have nothing to do with 
the meseotoderm , they represent ^ posterior section tA what 1 have called 

* The eartilagmoua vuoerel bar in Pttnmjftom is not to be oonfemided with Che true 
vieoeral ardb formed m higher cvaolota^ 
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TBXT-rto 1 — A and B ehnw fi'ontal Heutiona, of which B nhows a little furthei advanced stage C I'epresenta a 
transverse section through a postotic visooral arch of a math advanced larva The nuclei of the mesecto- 
derm cells and the structures derived from the mesectodemi are shaded a m , museiilai artery , cte , aorta , 
he , branchial cleft , M , brauchiocaele , ch , chorda , it , connective tissue , ec , ectoderm , eq , epifamncfaial 
ganglion , m , entoderm , tp , epidoimis , km , hypoglossal mnsde , ma, , mesodermal viscerd aiidi , mad, 
adduetor muscle , «u , medullai^ canal , me, meaeotoderm , pA, pharynx , r&e, ludunent of brandnal 
oleft , r tn , rudiment of vascular arch , r vea , rudiment of visceral cartilaginous arcli , $et , subchordal 
ooiinective tissae , m , scleromyotonie , ta , trunous artonosus , tty , thyroid gland . m , visceral vascular 
arch ; ve, cardinal vein , veb, vismral cartilaginous bar, vjt , vena jugulans impar , «p, visoeial pouch 

in mjr paper above referred to (14i) the ventral senes of cephalic ganglia 
The epibranohial placodes are not only out off from their mother-layer, but 
have been already transformed into the definitive nervous system of the 
hranohial apparatus, when the ectoderm commences to be thickened for 
the gill-clefts 

About the fate of the foremost placode, which is situated, as seen m 
text-fig. 14 by Sohalk, immediately behind the optic cup, the author gives 
so definite account. Judging from the position in which it is found, and 
from what he says about it, the placode must be taken to be the rudiment 
of the lens which belongs to the tngemmal r^ou Here the oireninstanoes 
are not so simple as shown in the figure The ophthalimo and fxigemmal 
jj^aoodes and the placode for the lens have coalesced at their bases and are 
distinguisbable from one another only by the divergence of their distal 
parts, and they embrace between them the second mesodemiio somite and 
a part of its mandibular fold, being closely apposed to one another. The 
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placodes are piuely nervous in nature and have no genetic relation to the 
inesectodenu at all, although they are at certain stages in oloee contact mtii 
the latter In the course of the seventh day, therefore, before the first 
appearance of the epibranohial placodes, the placode for the trigeminal 
group 18 constricted off from the ectoderm 

Imally, the origin of the branchiodennio cells in their first stage, of 
\^bich Sohalk speaks, seems to be umntelhgible Judged from his text-fig. 12 
and the accompanying statements, the cells are brought into their position 
from the ectoderm not by cell-multiplication gomg on in this germinal layer 
but simply by liberation of some of those composing the layer. If such 
a case as given by Schalk really occurs, it might be looked upon as a case of 
delamination But the occurrence of delamination, even for the formation 
of the ventral parts of the mesoderm, as W. Scott (82) and, later, MoUier (06) 
assume, or for the origin of the iiencardium and endocardium, as asserted 
by Shipley (87), has been disproved, and, according to my experience, occurs 
in no case at least in the development of Petumyzmt In the senes of 
sections in my possession I find no similar case to that of Sohalk, except 
some sections frontally cut through tlie lower margin of the well-established 
mesectodenn 

According to the results obtained by myself the so-called mesectoderm is 
not so peculiar a structure as it appearad to the previous observers, but it is 
the mesoderm itself, a part of the somites or, as we may term them, the 
scleroniyotomes It is represented at its first appearance, as observed in 
the mandibular arch, by scattered free cells, which later coalesce for the most 
part, to form a typical epithelium In tlie postotic region the mesectoderm 
IB, on the contrary, from the first epithdial 

In early stages there are found only two kinds of f^ cells . the blood 
vascular cells and the mesectodenn cells. The cells of both kmds appear 
almost at the same stage , at about the fifth day from the fertihsation a few 
vascular cells are to be observed in the space below the chorda, and between 
the floor of the pharynx and the ectoderm which represents in these early 
stages the ventral wall of the body * 

On the contrary, the meseotodermic cells, the earher traces of which are 
seen already to the close of the fourth day, i^pear as a rule between'tiie 
ectoderm and the somatic plate of the mesoderm Vihea, established the 
meseotoderm is confined to the head and the branchial extent of the body. 

Wliat interests us is that the mesectodem is in the poetoiac regum 
nothing else than the ventro-lateral edge'of the solnomyotome whhdi has 

* As to the full aooount on the ohanoterlstMe of the blood vseoUlsr oeUs and on the 
development of the vaeouhr eystem I wfer to my otiier pi^elv (0(k 07, 14«X 
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grown downwards by aotivo coll*maltiphcation (text*fig 2) The growth u 
produced not by the rearrangement of free cells cast off, bat by the out- 
growth of a continuous epithelium a single cell tluck, which poshes its way 
between the somatic layer of the lateral plates and the ectoderm until the 
ventral edge of this epithelium reaches the imd-ventral lino of the thyroid 
groove The epithelium thus produced is what is called the mesectoderm 

The downward growth of the mesectoderm can readily bo traced step by 
step On the fifth day, where the growth of the layer begins, the ventro- 
lateral edge, for instance, of the fifth solermnyotome* is produced a short 
distance downwards and is wedge-shaped in cross-neotion I'he cutis layer 
of the scleromyotome passes over into the muscle plate round the apex of 
the wedge On the sixth day the inosectoderm m its anterior portion is so 
broad tliat its lower margin is found as low as the thyroid groove, while 
farther liackwards the layer is narrowed so that it i% represented iii the 
seventh scleromyotome by a short wedge-shaped process of the latter It is 
only in the course of the eighth day that the mesectoderm is fully estab- 
lished m the posterior branchial region 

The formation of the mesectoderm is, therefore, commenced in the anterior 
region and goes on backwards (text-fig 3) In its early stages of formation 
the meBectodem is an epithelium composed of flattened cells, but it 
thickens gradually as its component cells assume a tall columnar character 
which 18 , doubtless, brought about by their mutual pressure resulting from 
repeated cell-multiplicatum within the layer 

On a oroHB-seotion through a visceral arch six layers of epithelium are now 
seen the innermost is the entwlermal pharynx ivall , the next outer feeble 
layer represents the first rudiments of the vascular arch , then follow the 
splanchnic and somatic layers of the lateral plates representing the meso- 
dermic visceral arch , and between the latter layer and the outermost layer, 
the ectoderm, intervenes an intensely stamed epithelium of tall columnar 
cells, which represent the mesectoderm The mesectoderm is gradually 
diminished m thickness from the level of its nuddle height downwards into 
its shaip-edged lower margin. 

Although the mesectoderm is only a single cell thick in most parts, at the 
dorsal edge, where it is in connection with the veutro-lateral edge of the 
seleromyotoue, it is divided into two layers which pass over into the cutis 
layer and the muscle plate layer of the scleromyotome respectively The 
meeeotodemi can, therefore, be regarded as a fold arising from the above- 

* The anterior three meeodermic miuitee found m front of the auditory Toeide are not 
transformed into typical eoleromyotomes ; noveriheleMi they are redconed ae sudi The 
fifth sderomyotomo ie accordingly the second pnstotie 
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mentioned etige of the scleromyotome, and wedging itself in between tlie 
meso- and ectoderm 

The manner in which the mesectoderm develops reminds us of the folding 




Text-fio 2 


Tbxt-fig 3 


Tsxt-fio, 2 — Dugnunmatic reprosentatioa of a UansverAe section through a poet- 
branobial vuoeral arch, ehowmg dowD<growth of the cutisdsyei of soleromyotonie 
to give nee to mesectodenn (left) and the eetabluhed meeeetodena (nght) The 
meMCtoderm and its rudiments are shaded <rf., cutis layer , wA , sub^ordal cells ; 

thyroid groove. For other letters, see the explanation of the prenoua 
diagram. 

TsxT-no 3.— 'Diagrammatio representation of a frontal section showmg the position of 
the mesectoderm m relation to other layers The posterior visceral pouches are in 
formation, and the lateral plates are being cut into the masodormie visceral arohea 
Hie mesectoderm » shaded A , brain ; hd , branohiocmle , ep , epidermis ; placode 
of lens , nut » mesodermal vuoeral arch ; ms , mesectoderm , oe , optic cup ; ptp 
pronephric tubule , v va , rudiment of vascular arch , to , splanehnoccele ; 
splanchuopleure , tp , somatopleure , te , stomodieum , vp , visceral pouch 

of the corresponding edge of the scleromyotomes in the postbranchiAl region^ 
by means of which the scleromyotomes grow downwards so as to provide the 
ventral somatic walls of the body with the muscular and the cutis layers. 
The downward growth of the scleromyotomes in both oases is, I venture to 



465 


So-ccUled Mesectoderm tn Petromyzon. 

assume, analogous, and the two structures thus brought about are serially 
homologous The difference consists m that the mesectoderm is destitute 
of the muscle plate layer Though to a very small extent, the mesectoderm u 
divided into two layers, and there can be no objection to our regatdmg the 
inner of these as homologous with the muscle plate 

The causes of this modification m the branchial region are to be sought 
in the changes in that region produced by the respiratory mechanism and 
Its skeletal framework. As will be stated later on, the mesectoderm is 
converted to a great extent into the cartilaginous branchial bar, which is a 
special skeletal airangement for the respiratory mechanism The remainder 
of the layer supplies the elements for the subcutaneous tissue, while, in the 
postbranchial region, the whole of the cutis layer is employed in the forma- 
tion of this tissue The demand for the formative elements of this tissue 
has caused, as 1 beheve, the cutis layer of the scleromyotoines in the branchial 
region to be developed so vigorously as to call the mesectoderm into existence, 
although the muscle plate in the branchial region is almost entirely sup- 
pressed The consequence of this suppression is that the somatic walls of 
the branchial choinbei are destitute of the segmental muscles, and have to fill 
this deficiency by the so-called hypoglossal muscles which with their cutis 
layers undergo an exceedingly modified mode of development,* as was 
pointed out by Neal (97) and was confirmed by Koltzoff (02),t and by 
myself (14a, 145) 

The great modifications met with in the prootic section of the head oauso 
the mesoderm to be modified to a still greater extent than in the postoUc 
branchial region Accordingly some peculianties occur in the formation of 
the mesectoderm in this region 

lu this section of the head there are formed three mesodermic somites, 
the third being situated just in front of the auditory vesicle Of these three 
somites the hindermost shows a structure very similar to a postotic somite , 
the middle somite, under which the lateral plates^ develop into the enormous 
mesodermic mandibular arch, is represented by a narrow epithelial fold of the 
arohenterio roof, which ascends along Uie lateral wall of the medullary canal 
and strikes with its distal extremity against the tngeminal placode of the 

* The bypogioHal mueoles are produced by the forward bending and shiftiiig of the 
ventral part of eome poetbranehial acleromyotoineB. They are the only tegmental 
rnuedee m the lomatio walle of the bruohial oihantber. 

t As Koltsoff (OS) remarks, Gkwtte ( 80 ) gives moorrecUy four somitee m front of the 
auditory veiiole. 

{ Kaitsoff IS the only author woo givee a dstidled aooount of his second aomite But 
be fsiiled to detect the free eomite, which » very email, whilet he regarde the dorsal part 
of the oolossel lataml plates as their eomitio part. 
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aotoderm ; whilst the first somite is represented by the anterior hbnd end* of 
the epithelial archenteron, which is folded off from the rest as a median 
unpaired pocket This somite is so small that it is practically destitute of 
the lateral plates, , 

In the two posterior of the three somites the outer wall, which corresponds 
to the cutis layer of a postotic somite, gives off free cells which push their 
way between the ectoderm and the somitic layer of the lateral plates (text- 
fig 4) The free cells are quickly imnreased to some extent by the cells 



TaxT-rio 4 —Diagrammatic representation of a traiwverae section through the second 
somite, showing the proliferation of the meeectodenn cells from the lateral layer of 
the somite me < , mesectoderm cells (shaded) , m., nerve cells , m.i, second acaute 
standing still in connection with the pharynx , (r., placode for trigeminal ganglion. 
For othei letters, see the explanation of the previoiu diagrama. 

budded out from the lateral layer of the somitio fold The sonutes are out 
off from the arohenterio roof only on the fifth day, while the oell-proUfeiation 
begins at the early part of the fourth day, therefore earlier than the atage at 
which the veutro-Iateral edge of the poetotie sderomyotomes begins to be 
produced into the meseotoderm The free cells soon make up a thick 
columnar epithelium whioh represents meseotoderm of this preorie 
region la contrast to that in the postotio region, the mesectoderm is hoe 
not confined to the lateral part, but is spread mto the ventral wall at the body, 
which gives nse to the stomodmum by invagination 
At the same tune, but on a smaller scale, the cells wander out of the 
lateral layer of the somites into the spaoe between the medullary «s.itsl and 
the ectoderm opposite and above the gallon plaoodea. 1%^ do not 

* The first somite may not be eonfonaded with the eatertor Ubid aseof the lAatyax 
of KupfEsr i for the explanation of both tin stnotaree I refer to wj paper above gfveU 


So-edUed Me$e<Aoderm »n Petromyzun 


467 


aa epithelial oharaoter, but make up a simple network of cells with die 
nervous cells coming forth from the nerve ndge, by which the epidermic 
ectoderm is connected with the walls of the medullary canal Thu network 
corresponds to that part of the mesectoilerm which Koltzoff dutingnuhes as 
the dorsal division from the epithelial ventnd part of it Tlie dorsal division 
IB accordingly confined to the preotic region, while the ventral division u to 
be traced uninterruptedly to the corresponding part m the postotic branchial 
region and constitutes one continuous structure from the mandibular arch to 
the hindmost visceral arch 

The network forming the dorsal division becomes gradually more 
complicated, owing to further growth of both the nervous and mesectoderniic 
oell'StnngB , so that the elements of lioth kinds ate not easily dutingnished 
from each other, as Koltzoff complains The cells of the dorsal division ought 
not, therefore, to be overlooked at the eariier stage of their appearance, a 
phase in which the nervous cells coming downwards from the mednllaty roof 
and the meseotoderm cells arising from the lateral layer of the somites do not 
as yet meet with each other Then, in the following stages, both kinds of cells 
are not very difhcult to trace into the points from which they start respec- 
tively At the dorsal comer of the lateral layer of the somites aotive cell- 
divisions can be observed which are repeated dunng the course of develop- 
ment for not less than 12 hours, and the course taimn by the resnltmg oells 
m passing into the network is not difficult to make out The nerve-oell 
stnngs passing downwards almost vertically can also be traced witli 
oertamty The nerve fibres developed from these strmgs associate with 
those from the ganglion of epidermic origin and make Uieir way between 
the meseotoderm and sonutio layer of the lateral plates, as was obvious 
already in an embryo of the eighth day 

The foremost somite gives off the meseotoderm oells not only from its 
outer wall, as in the following somites, but also from the anterior wall of the 
blind pooket by which the first somite on each side stands in oonneotion with 
its fellow. The cells from both souroes fill up the space between the 
ectoderm end the somite and the space below the anterior extremity of the 
brain. The free oells lying in oloae oonteot with the ectoderm are trans- 
fonned into the epithelial meseotoderm, which can by no means be dutm- 
gtttsbed from the ventral division in the posterior region and u oon^nous to 
it; those inside are developed into the network of muscle fibiea which 
oooupies the kteiior of the tipper lip to later stagei. 

While the outer walle of the first, seoond, and tiiird somitea and also tiie 
anterior wall of the first are broken up into the mesectodenn eeUs, the innei 
walls of these three somites, which correspond to the muscle plate of the 
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postobc Bomites, giva nse to the eiz muBoles of the eye,* which are dutisotlj 
difiGerentiated already at the close of the mnth day or at the co m menc em ent 
of the 10th day The preotus section of the head is oonaeqnently totally 
destitute of the segmental muscles derived from the somites. This deficient^ 
18 , as pointed out by Kupffer, made good by a few myotomes bdimd the 
auditory vesicle, the dorsal parts of which are bent and shifted forwards into 
the head. 

The mesectoderm is, therefore, the product of that part of the inesodennic 
somites which corresponds to the cutis layer. The dorsal division, which is 
distinguished by KolUoff from the ventral division, is derived from the three 
preotic somites and confined to the preotio section of the head , it never 
assumes an epithelial structure, but makes a simple network with the nerve* 
cell strings 

On the contrary, the vential division is a contmuous layer of typical 
epithelium, extending from the anterior margm of the lateral plates to the 
posterior boundary of the branchial region and as high as the lateral plates. 
This division of the mesectoderm is cut into nme vertical epithelial bands, 
when the lateral plates are divided into nine visceral arches 

That part of the mesectoderm wliioh assumes the epithelial character in 
the snout may be regarded as the antenor oontmuation of the ventral division. 
If this assumption is correct, all the three preotic somites, just hke tiie 
following somite in the postotio branchial region, contribute elements to the 
vential division of the mesectoderm 

2. Fate of the Meeeetodei rA 

While the nerve-cell strings in the pre-and postoticr^ion are transformed 
into the nerves and ganglia, the meseotodermio elements of the dorsal division 
ore converted mainly into the connective tissues standing in relation to the 
nerves and ganglia , a small portion of them, which lies in contact with the 
medullary walls, gives rise to the most antenor section of the cranial skeleton, 
% e. the trabeculBS 

The nine meseotodermic bands, into which the contmuous layer of the 
ventral division u divided by the visceral invi^nation of the phaiynx-walls, 
undeigo the foUowmg differentiatioiL On frontal sections through a just* 
hatched larva, the first stage of the differentiation is very obvious. At the 
level of the visceral pouch, the entodernud wall of the pharynx is in cl os e 
contact with the ectodenn, while at the level of the visceral arob, between 
the two layers, are contained the vascular cells, the tod the 

* Dstatlsd Moouats on the devslopmeat of the o^thalmio musolss I have given in my 
eboTo-menttoaed paper ( 14 i). 
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ntespctoderin. The proximal half of the last-named epithelium u thickened 
so as to Ik* raised inwards into a ndge, which shows on oross-scotions a 
pyramidal outline and represents the first rudiment of the cartalaginons 
visceral arch This stage of diifui entiation is represented m text-fig 18 by 
Sclialk, which is correct, except the onniiectioii of the mesectoderin with the 
ectoderm 

The cells forming the rudiment of the cartilage acquire a radial arrange- 
ment (text-hg 1, A) and are soon constiioted off from the remainder of the 
layer , this stage is followed by a stage in which they are wedged in between 
one another, so as to fui m one row (B) < )n cross-sections through a larva of 

the Mill day this rudiment of the cartilage looks like a bar consisting of 
piled-up discs, in which three sections are distinguishable (C) a dorsal and 
a ventral section curved outwards and the middle section bowed mwards 
While the ventral section touches with its distal extremilj the lateral 
division of the vena jugulans iiujiar, tlic proximal end of the dorsal section 
lies 111 the cornet between the dorsal aoita and the chorda and midei the 
anterior cardinal vein. In the course of the 15th day, the aorta together 
with the roof of the pharynx is separated from the (horda by enormous 
development of tlie reticular subchordal connective tissue Accoidingly the 
dorsal end of the rudiment of cartilage is also brought downwards, so as to be 
forced into the comer between the aorta and the loof of the pharynx which 
has been pressed down It is interesting that the band of couni'ctivc tissue 
which before and after this change connects the rudiment of cartilage with 
the chorda is drawn out into a string stretched between both the stniotures 

In sharp contrast to other visooial arches, the hyoid aroh does nut undergo 
this (lialooatioii of the cartilage bar, which is, on the contrary, shifted by 
stages a little qiwards, and the cardinal vein passes into the mandibular vein 
under the cartilage bar This peouUar feature la the first stop towards the 
fnlfilment of the function which the hyoid arch has secondarily acquired , it 
enters into the formation of the primordial skull, leavmg the semoe of 
respiration. 

The differentiation of the mesectoderm into the visoeial arch takes place 
at first in the visoeral arch behind the hyoid ardi and proceeds backwards to 
the following arclies, which undergo the same process one after another For 
a long while the meseotoderm in the hyoid aroh is not out off from that in the 
mandibular avcli. And it delays its diffetentoitoon mto the rudiment of the 
oartilsginous hyoid aroh, which is, however, obvious before the same process 
commences its work in the hindmost visoeral arch. 

The rudimmit of the cartilaginous visceral arch shifts inwards, when it is 
detached from the remainder of the mesectoderm, and presses and separates 
" VOL. LXXXV1U-- B. 2 P 
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at last the lateral plates, the meBodeimic visceral arch, into the inner 
adductor and the outer constrictor nmaclesj with which the cartilaginous arch 
IS mvestocL 

The remainder of the lueseotoderm constricted ott from the rudiment of 
the cartilaginous visceral arch is stretched at the same lime to the outside of 
the rudiment of arch so as to line the whole inner surface of the ectoderm 
ventral to the chorda level, and assumes the charaotenstic feature of the 
subcutaneous tissues which underlie the ectoderm, except the ventral part for 
the hypoglossal muscles This differentiation of the meseotoderm is very 
obvious m larvee of the 13th to the 14th day 

The mandibular arch, winch wo may now consider, is characterised 
particularly by the enormous mesodermic arch which it contains and which 
18 folded upon itself, thrust inwnids by the invagiuating stomodsBum, so that 
four layers of the folded lateial plates are obvious on a cross-section through 
this arch While the ventral edge of the folded mesodermic arch, by which 
the somatic layer passes over into the splanclinic plate, is separated by the 
bottom of Uie stomodeeum from its counterpart on the opposite side, the 
dorsal edge, by which the two layets of the lateral plates also run into one 
another, is divided only by the carotid artery from the chorda. The ventral 
division of the meseotoderm, following this folding of the mesoderm, is 
brought mto the same topographical relations to the stomodBeum and to the 
chorda 

The dorsal edge of this division of the meseotoderm is brought into contact 
with the lateral wall of the chorda, above the carotid artery, as is very clearly 
seen on the 9th to 10th day On the 18th day the cells composmg this 
edge are concentrated into a charactenstic compact mass which is soon 
constricted off from the remainder of the layer This compact cell mass 
constitutes the earliest traces of what are known since Sewertzoif (97) as the 
anterior parachordals The rudiment of the anterior parachordal is on 
croBB-sections wedge -sliaped and looks as it produced from the lateral wall of 
the chorda. 

On the 14th day the rudiment of the anterior parachordal can be traced as 
far as the branching of the facial artery from the carotid, which marks the 
boundary between the first and second somites, and it ends backwards rather 
suddenly in front of the roots of tlie vascular mandibular arches and of the 
carotids The parachordal rudiment is most prominent at a little distance 
from the root of the vascular mandibular arch and grows gradually lower 
toward the emout, while it is decreased suddenly in height ba^watdav 

The parachordal rudiment cannot, therefore, be distinguished genetioaUy 
f rma the rudiment of a oartik^inous visceral arch , both the etruotures are, 
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I believe, senally homologous with one another The prominent point of the 
parachordal rudiment develops into a transverse bar of cartilage, which is, I 
assume, the rudimentary remnant of the equivalent of its corresponding 
visceral cartilage bar This bai is, in the mandibular aroh, reduced to its last 
remnant, because it has been shut off from the respiratorv mechanism The 
further fate of the cartilage bar inteicsts us in developing into that important 
element of the pnmordial skull, which is known since Parker (83) as the 
palato-quadrate , the redevelopment of this rudinieutaiy remnant into so 
conspicuous an eh ment of the cianial skeleton is due to nothing but the law 
of “ Funktionswechsel" first enunciated by Dohm 

Tlio remainder of the mesectoderm detached from the iiidiment of the 
anterioi parachordal is, in the mandibular aroh as elsewhere, converted into 
the subcutaneous tissues, which develop in distinction to those in other arches 
not only beneath the ectoderm, the skin of the cheek, but also beneath the 
epidermis of the stomoda'um, the cover of the mouth cavity 

As Gaup (06) remarks, the single ongin of the parachordal, which 
Koltsoff (02) maintains and Sohalk (13) confirms, is incorrect On the 
contrary, the posterior parachordal of Sewertzoff (97) is represented in 
ibality by the medial horizon tnl process of the caitilagtnous hyoid arch itself, 
and the transverse process, which, according to Seweitzoff, is very suiular to 
an ordinary visceral bar in the following arches, is notbmg more than the 
visceral bar itself in the hyoid aich 

The anterior and posterior paraohordals are separated for a long tune by 
interposition of the large auditory capsule Both the rudiments grow 
respectively backwards and forwards to meet and be fused together with 
each other only in a larva about thirty days old, m which the auditory 
capsule retreats and is detached from the chorda But for a long time the 
transition is obvious, because both the rudiments are decreased in thickness 
towards their point of meeting 

The trabecula is formed in front of the root of the facial artery and the 
rodimentary vascular arch in the premandibnlar segment, its centre lies 
close to this vosculai luot ]<'roin this centre it grows anteriorly along the basal 
wall of the brain and over the posterior cerebral artery, which is the anterior 
prolongation of the carotid artery. The more it is prolonged, the more it 
diverges hand m hand with the arteiy from the median Ime, so that it lies 
opposite the optic cup rather on the lateral wall of the brain and embraces, 
with itsoonnterpart on the opposite side from right and left, its mfundibnlnm, 
and is finally lost on the lateral wall of the latter 

The mesectoderm cells giving nse to the centre of the trabecula are 
doubtless those derived from the first somite, and are marked off from those 
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of the aecond aoimte by the facial artery, which appears much earlier than 
the meseotodemi But the forward giowth of the antenor parachordal seems 
to be carried on largely at the cost of the dorsal division of the inesectoderm 
from the second somite, viz, the cells which he close to the chorda, and 
to be (wntinued uninterruptedly to tlie fotinatioii of the trabecula m front, 
80 that the trabecula is piuctically not foi med separately from the antenor 
parachordal, as was believed by previous observer^ but as the prolongation 
of the latter The trabecula has, however, a siiecial centre loi itself, marked 
by a slight thickening m the rudiment 

It 18, however, still an ojien question, whetlicr the trabecula is to be put in 
the senes of the visretal arches oi not But it is obvious that the rudiment 
of the tiabeoula is genetically identical with the lattei, because it is formed 
of material identical with that giving rise to the visceral arches and because 
it comes forth m a metamere identical with that which has a cartilaginouH 
visceral arch for itself 

To avoid misconception, a few words may be said about the lelation of the 
meseetoderrn to the metamery oi the body The epithelial bands into which 
the ventral division of the mesectodeim is divided are in numencal as well 
as topographical correspondence with the mesodeimic visceial arches, tliat is 
to say, branchiomeiic The caitilagirious visceral atches are denved fiom 
these branchmnienc bands, also branehiomenc in arrangemont 

The inesodennic visceral aiches aiise from two uusegmented continuous 
layers, Uie lateral plates, wlucjh are divided by nothing but evaguiatiou of the 
visceial pouches, which is independent oi the process dividing the mesoderm 
into the somites This inetameric repetition in the entodermal pouches boa, 
therefore, no diiect relation to the meaodennic somites at all, which represent 
the primary metamery of the body In spite of its being the product of the 
segmented mesoderm, the rnesectoderm is also an unsegmented contmuous 
l.iyei, until it is divided by the visceral invagination into hranohiomeric 
bands The branchiomery in this part oi the meso- and mosectoderm, which 
lb brought about in a [lassive way, is, therefore, not of the same value as the 
body-metameiy 

The branchiomery is furtheimure in segmental accordance with the vential 
senes of the ectodermic placodes for the ganglia'^ But this senes of ganglia 
IS never m direct segmental connection with the mesodermic somites. 

Still another organic system, which is m segmental accordance with the 

* ThiH Hui len of ganglia conaigt« of the facial and gloeeopluuyugual ganglia and of the 
Kei leu of the epibranchial ganglia The placode for the lens may be put tn this seHea, fcr 
It can by no means be distinguished from the ganglionic placodes, so far as its oiigin and 
mode of developmeat are concerned. 
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viBoeral arohes, is the vaacular In the first formed vascular system, m 
which the arterial and venous systems are not yet dtflereutiated, we have 
before us a vascular system of the Annelid type (Hatia (07). Eeiser (14) ), 
which consists of a dorsal and a ventral longitudmal vessel connected with each 
other by vascular rings which are repeated m each body somite (Hatta (07), 
(14a), Keiser (14) ) The anterior division of this rmg vessel system is repre- 
sented by the vascular visceral arches (Qoette (90) ), and is followed by 
Mayer’s Quergefasse in the pronephno region, while in the region still further 
posterior the segmental character of this senes of vessels is obscure, liecause 
m this region there is no organ of segmental arrangement standing in direct 
relation with the vessels. 

The origin of the ring vessels, whether entodermic (Qoette(90)) ormesodermic 
(Hatta (14a), Keiser ( 14) ), is by no means mesomenc, because tlie vascular 
cells are denved, oven in the stnctly segmented bronchial region, from an 
organ which is not segmented in accordance with the mesodermic somites * 

The pronephros is the only organ m which the vasomery, t r bianchiomery, 
IS connected with the mesotuery But there is an incontestable fact which 
shows that the segmental repetition of Mayer’s vessels in the pronephne 
region is not primary but secondary The first pronephno aitery, which is 
evident in a larva of the 10th day, corresponds witli the 11th vasomere 
(counting the premondibular vascular arch as the first vasomere), and tbo 
first pronephno tubule with which the artery stands m relation, is the 
product of the 7th mesodermic sonutef (Hatta (97). (00), (14a), (14&)), 
while this somite is no longer found over the first pronephne tubule, when 
the tubule is out ofi from it 

There are two movements by which the segmental discordance between 
the nephromerea and the myomeres is brought about, viz , the pronephros 
18 gradually pushed backwards by the outgrowth of the visoeral pouches , 
the somites, t,e myotomes, on the contrary, move forwards after their 
formation, so that a few anterior of them are pushed over the preotic 
Motum of the head to give rise to the capitis muscles. The nng lessels, 
t.e. Mayer’s vessels, occur in the visceral arches as well as in the 
pronephros only when the visceral pouches are formed and the backward 
movement of the pronephros has already been earned out The vasomeres 

are thus put seoondanly m relation to the pronephros, although the latter 

« 

* AocttiHling to Oootte, the veocular cells (m branditaL region) are derived from the 
enteric vrall , according to my reeulte^ whi^ are confirmed by Keiser, the cells are 
derived from the mCsoderuiic visceral arches. 

f In my papers formerly published (97, 00) the first pronephne tubule is regarded as 
the ^product of the fourth sderomyotome, whuh correi^ponds to the seventh, when the 
three preotic somites are counted in. 
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10 tha descendant of the somites In short* the btuncbiomeiy and mesomeiy 
are independent of each other 

The cartilaginous visceral arches and their equivalents in the primordial 
skull are branchiomenc organSi and have no genetic relation to the tnesomeres 

Therefore, it seems extremely probable that the participation of the 
sclerotomes m the branchial elements and in their equivalents, which is 
maintained by KoltzofT, Schalk, and others, is, if such actually occurs, nothing 
but accidental* 

1 wish to express my warmest thanks to Prof MacBnde, of the Imperial 
College of Science, London, and to Dr* Oadow, Prof Gardiner, Mr Doncaster, 
and Prof Punnett, of Cambridge University, for the courtesy winch they 
showed me during my stay m Cambridge, and especially in according to me 
the pnvilege of working there 
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On the Vartatioii in the Growth of Mammalian Tissue in Vitro 
according to the Age of the Animal 
By Ai BBRT J WAI.TON. M S . F B C S , M.B , LR C P , B Sc. 

(Communicated by Prof W Bullocb, F R S. Received December 8, 1914 ) 
(Fiom the Bacteriological Department of the London Hoapital ) 

[Flair 16 ] 

In a previous communication* it was shown that there was considerable 
vanatiou in tho value, as a culture meihum, of plasmata taken from different 
animals of the same species , that these plasmata did not vary as to whether 
they were homogenous or autogenous, but that some plasmata were good 
media and some were bad During this investigation certain evidence arose 
that this difference might in part be due to the age of the animal 

In the present investigation a senes of expenments was earned out to 
show what was the edect, if any, of the age of the ominal upon the plasma 
as a oultuie medium, and upon tho tissues as regards the power of growth 
Carrel, Burrows, Harrison, and Ingebrigtscn have shown in several papers 
that embryonic tissue tends to grow more rapidly and more vigorously than 
adult tissue There appears to liavo been, however, no work conducted on 
the characters of tho plasma, although it has been frequently assumed that 
the plasma of the young or embryonic animals makes a more suitable 
medium than that ot adults , nevertheless it was permissible to believe that 
tho reverse might in fact be true, and that the plasma of young animals is a 
less suitable medium It would appear important that this point should be 
settled, that thereby evidence might be gained as to the controlhng influenoes 
on the growth of young tissue in vivo 

Tefhnique 

The following experiments were oarned out entirely with the tissues of 
mbbits As far as possible animals were used that had been bred in the 
laboratory, so that the exact age was known This was the case with all the 
young animals In certain cases, however, adnlt rabbits were bought of 
unknown age, but in such cases they were all fully grown and therefore could 
be used as adult animals As far as could be judged, they were all over a 
year old. The technique of Carrel was rigorously adhered to, the tiseiiei 
being grown m puie plasma so that the eharaoters of the growth might be 

* ‘ Roy, Soe Proc ,* B, vol 87, p 468 (1914) 
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ttoaffeoted bj the presence of any sttinulating or inhibiting substance. In 
the majority of oases two tissues were used, so as to lessen, os far as possible, 
any expenmental errors A few cultures were made of the spleen, but most 
of the experiments wei'e carried out mth thyroid and liver These fassues 
as a rule grow well, and the growth is not obscured by the emigration of oells, 
as so often happens when spleen is used 

Young testicular tissue was not cultivated m the present senes of expen- 
ments, for it was considered that, as this tissue only fully develops later m 
life, false conclusions might be armed at if the immature testicle of the joung 
rabbit was used In the majority of cases fresh tissue was made use of, and 
in this case cross experiments were generally performed, the tissue of young 
and old animals being grown in plasmataof both animala A certain number 
of experiments were conducted with stock cultures of adult testicle which 
had been growing for ten generations m a medium of plasma and tissue 
extract 

(1) of SpUmt — 

1 — An adult rabbit two years old was ansesthetised The fur 
on the ventral surftuie of the body was removed, the skin stenliaed, the 
carotid artery exposed, and the blood collected in sterile paraffined tubes 
placed in ice The blood was then collected fiom a young animal 10 days 
old and placed in ice-cold paraffined tubes. Both bloods were centnfugalised 

The spleen was removed from the young and old ammals and placed m 
Binger's fluid Four cultures were made of each spleen m each plasma, so 
that there were four groups. 

At the end of 12 hours there was good emigration of round oells m all the 
preparations, but it was more marked m the case of the spleen of the young 
animals both m the young and old plasmata At the end of 48 hours there 
was a well marked growth of retiform tissue, which formed mosatc-like 
masses in the case of the young spleen in the old plasma, but was present 
in a less marked degree in the case of the old spleen in the old plasma 
In both oases such growth was apparently absent when the young plasma was 
used. 

Owing to the amount of round cell emigration it was difficult to estimate 
aoouiately the extent of the growth, and henoe experiments with this tissue 
wen discontinued. 

(2) Ooit/mHon Thyroid and l/votr Ttuwa — 

Eleven experiments, oomprisdug 282 onltivationB, were earned out m this 
group. In all oases bo& the thyrdd and liver were cultivated at tlte same 
time. By this meaus experimental etrota were less likely, for if the results 
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were due to such errors they would be less likely to occur in both groups. 
The ages of the young animals varied from two days to two weeks, end 
during this limited period there seemed to be little, if any, variation in 
the nature of the tissues and plasmata as regards the capacity for growtii. 
One experiment will be described in detail, the others being earned out 
on precisely the same lines 

Eqpenmrnt 2 — An adult rabbit over a year old was aiisesthetised The fur 
on the ventral surface of the body was removed* the skin sterilised, the 
carotid artery laid bare, and the blood collected in sterile paraffined tubes 
kept in ice Tins animal was kept antesthetieed Blood was collected from 
a young animal five days old and also placed in iced paraffined tubes. Its 
thyroid and a piece of liver were removed and placed in stenie Binger’s fluid. 
The young animal was killed Similar tissues were removed from the old 
animal The blood was oentnfugalised Cultures of the yinmg animal were 
made in both plasmata, as were also those of the old animal, six cultures 
beiog made in each group. 

The nature of the growth was observed and at certain periods specimens 
were fiixed and stained After 48 hours the thyroid of the young animal 
showed marked growth m the old plasma, but that of the old animal in 
the old plasma, although showing considerable growth both of the oon- 
neotive and parenchymatous types of cell, was definitely less than that of 
the young enimaL On the other hand, both qpecimens in the young 
plasma eliowed either no growth at all or only a few cells growing txom 
the edge of the tissue. Similar results were obtained in the ease of the lives. 

The above results are well shown by the following Table — 



Old plMmft 

Young ploMna. 

Old tiABue 1 

Young tiiHU* ‘ 

ModmAe growth 

V«ry good growth 

Vofj growth 

Slight growth. 


The above expenment was performed sgsm 10 times. The old' am funlff 
were in all oases fully developed, and the majonty were known to be over 
one year of The young animals vaned in age betwemi two deys sad 
two weeks The cultures were made m groupe of four or six in eedi medfo 
and were prepared under identuml conditions. By takin g g ^ p g of fona^ or 
SIX specimens it was possible to estimate more aoonmt^ the ehaagee in 
growth, for in the primary cultures it u unusual, excep&ig perhaps in the 
ease of the testicle, to find that all the speeSmens have grown to an 
extent Moreover, the percentage of sucoeesful growths m a seriSB is ^ 
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itself evidenoe of value of the suitability of the media and the power of the 
tissue to grow The results of these experiments may be summansed as 
follows . — 

(a) Youiig Timien Grmotng in Old Plasma — It was found that growth was 
in all cases extensive and successful Cultivations occurred in 100 per cent 
of the oases 

With the thyroid, masses of cuboidal cells were seen extending into the 
plasma, and between them were largo numbers of branching counoctive 
tissue cells 

In the case of the the growth was also extensive, and after 48 houis 
large masses of the cliaractenstic deeply staining oulioidal cells ueie visible 
together with large numbois of connective tissue cells (hg 1) Successful 
results were again obtained in 100 ].ier cent of the cases In both groups 
the growth continued for foui or hve days before any signs of degeneration 
occurred 

(b) Youmj Tissues Gimving m Yattiig Pitmna — With this group tlieio was 
a very marked difference There is considerable difficulty in obtaining the 
blood of these young animals, owing to then small si/e, and it was at first 
thought possible that the difference in growth might be due to the fact tliat 
the plasma so obtained was not in good condition It was found, howevei, 
that the results were practically constant even after tiiese difficulties had 
been overcome 

In the case of the fht/ioid only 8 pei cent, ot the speoanons showed auj 
growth, and the} were tlms sharply difieientiated from the specimens of the 
same tissue growing in old plasma Kveii m those cases in which the 
growth was present it was slight m amount In no case were any oulioidal 
cells seen, and oven aftez three oi four days there were only present a few 
connective cells growing from scattered areas at the edge of the tissue This 
result was constant a|>art from liquefaction of the plasma, which in i>thei 
eAses has been found to limit giowtb That is to say, the decrease in growtli 
did not appear to be due to mechanical causes 

With the Iwei* similar results were obtained In this case a largei nundxu 
of the preparations showed growth, the results being pcAutive in 26 per cent 
of the oases. In one specimen (Exfieriment 5) there was very good growth, 
but in three other specimens of the same senes there was no growth, and 
such a result did not occur again in the other series It is probable, there- 
fore, that this result was an expeumental erroi In the remaining 
specimeziB which showed growth the extent of the growth was slight In 
some oases a few outgrowths of cuboidal deeply stoiuing cells were seen, but 
in no case were they so extensive as when old plasma was used as a medium 
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In the nugonty of cases only a few branching connective tissue cells were 
visible, and they extended only for a <)hort distance into the surrounding 
plasma, the difference between the amount of crmnectivo tissue growth in 
young and old plasma being very marked (fig 2) 

(e) Old Tissues Growvn^g in Old Plasma — In this group there was a 
moderate amount of growth, about 80 per cent of the cultivations being 
successful In every experiment some of the ^specimens showed good 
growth On comparison, howovei, it was always seen that this growth 
was less than when young tissues were used 

In the case of the thyund a few cuboidal cells were seen growing from 
tile edge of the tissue after about 48 hours, growth being present in 70 per 
cent of the spccimena After a fuither 24 hours connective tissue cells were 
visible It was found m the parallel senes that not only was growth more 
extensive when young tissue was used both as regards t)ie parenchymatous 
and connective tissue celis, but that a larger percentage of speciuieus showed 
activity 

With the Imr good results were obtained, the characters of the growth 
corresponding with that described m previous communications* In this 
senes growth took place in 88 per cent of the specimens, and when present 
there were always to be seen masses of deeply staining cuboidal cells, but 
these masses were always less marked than when young tissue was grown 
in the same plasma Proliferation of connective tissue cells took place at a 
slightly later date, the cells soon growing beyond and between the masses of 
parenchymatous cells Here again the zone of connective tissue growth was 
always less marked than was the case with young tissue (fig 3) 

(d) Old Tisme Qromng %% Ymmg Plasma — ^This was found to be the worst 
combination The tissues apparently were not so active and the medium was 
less suitable In the majority of cases no growth took place. The tissues 
stained poorly and apparently died 

In the case of the thyroid only 3 per cent, of the spemmens showed any 
growth at all, and even in the successful cases this was extremely slight In 
the m^onty, even at the end of three or four days, the edge of the tissue 
i^mained abanily cut. In some the plasma was liquefied, but in others this 
change Iiad not taken place, so that here again the absence of the growth was 
not dependent upon a mechanical factor Even in the few coses where there 
was any evidence of growth, no cuboidal cells could be seen At most ther^ 
were one or two elongated connective tissue cells to be found after a oaiefal 
search, so that at first sight there was a tendency to believe that no growth 
had taken place 

* ^Th« Journal ol Pathology and Bacteriology/ w>L IS, ^ 310 ( 1914 ) 
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With the liver there were positive results in 9 per cent of the oases, but 
even in these growth was extremely sl^ht. In no case were any ouboidal 
or parenchymatous cells seen There was very slight growth of oonneotive 
tissue, BO that after three days there could be seen in a few cases several long 
oonneotive tissue cells growing hero and there from the edge of the tissue 
(fig 4) Often a portion of the original tissue stained poorly and was mam 
festly dead 

These experiments, therefore, strongly confirmed the observations of 
previous workers, namely, that the tissue of young or embryomo ammals 
shows more active growth than similar tissues taken from adult animals 
In addition to this, it appeared manifest that the plasma of such young 
animals was not nearly so suitable a medium os the plasma of adult animals 
Such a condition has not previously l^n described, and is so opposed to what 
one would at first sight believe, that it seemed necessary to confirm these 
experiments For this purpose further experiments were earned out with 
stock cultures of rabbit testicle These tisBues had been giowmg in ntro for 
10 generations in a medium composed of two parts of plasma and one port 
of spleen extract At this penod they were growing vigorously, so that at 
the end of 48 hours there was a wide xone of newly formed cells sui rounding 
the onginal tissue 

Hx^tment 18 — Stock specimens of rabbit testicles as described above were 
cultivated m groups of four each — (a) in plasma obtamed from a }oung 
animal 10 days old , (i) in lilasma obtained from on adult rabbit over a 
year old , (c) in a mixture of plasma from an old ommal, two parts, and 
spleen extract one part. At the end of 48 hours, the specimens cultivated in 
the mixture of old plasma and spleen extract were growing vigorously and 
showed a very wide zone of active oelle, mainly of the connective tissue type 
(see fig 5). These specimens served as a control. Those growing in old 
plasma also showed a wide zone of cells of the connective tissue type, but 
the newly formed oelle, as was to be expected, owing to the absence of a 
stunoUting extract, were considerably fewer m number and did not extend 
so far into the surrounding media (see fig. 6) 

In the case of the tiBBues growing in young plasma, growth was very 
slight. Hiere were only a few cells growing from the edge of the tissue (see 
fig. 7) and in these cells but few nutotio figures were seen. 

Thu experiment confirmed those earned out with fresh tissues, and there 
can be no doubt that young plasma is a leea suitable medium for the growth 
of uesoes than that of old animals. It has been previously shown* that 
with older animals some plasmsAa ate not such good media as oUiere, and 
* ' Bey. Soa Btoo / B, rol 87, p. 4ft8 (1914> 
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that in saob oases the plasma is always imptoved if it he ftesen tor a period 
of about three days, wkch is very suggestive that the poor growth is dae to 
the presence of an inhibiting substance It is probable, therefore, that in 
young animals, also, the inhibituig substance is present in huger queotitiea^ 
and hence the plasma makes a poor medium 

CmdMsuna 

1 Growth of tiaouee tn mtro affords a valuable means of investigation as to 
the effects of age upon growth 

2 The tissues of young animals grow more rapidly and vigorously than 
those of adult animals 

2 The plasma of young animals is a much less suitable medium for the 
growth of tissue t?i nyUro than the plasma of old animals. 

4. The unsuitability of the plasma of young animals as a medium is probably 
due to the presence of an increased amount of some inhibiting substance 

EXPLANATION OF PLATE. 

Grcfwih ofFruk Ltwr 

Fig 1 ---Tiro days’ growth of young liTor m old plasma 

Fig 2 - Two days' growth of young hver in young plasma 
S —Two days’ growth of old liver m old plas^ 

Fig 4 -Two days’ growth of old hver in young plasma. 

Oroiffth of Stack TeahaU 

Fig 5 — *Two days’ growth of testicle in plasma plus spleen extract. 

Fig 0.— Two days’ growth of testicle in old plasma. 

Fig 7 —Two days’ growth of teetiole m young plasma 
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The Influence of Homodromoua and Heterodromous Electric 
Chirrents on TransnuBdon of Excitation in Plant and AmmaL 
By Prof J C Bose, MA DSc,CSI,OIE, Presidency College, Calcutta 

(Communicated by Prof S H Vines, F B S Beceived June 2, 1914 ) 

I have m a previous paper* described investigations on the conduction of 
excitation in Mimosa pttdica It was there shown that the various 
characteristics of the propagation of excitation in the conducting tissue of 
the plant are in eveiy way similar to those in the animal nerve Hence it 
appeared probable that any newly found phenomenon in the one case was 
likely to lead to the discovery uf a similar phenomenon in the otlier 

A problem of groat interest which has attracted my attention for several 
years is the question whether, in a conducting tissue, excitation travels 
better with or against the direction of an electnc current The experimental 
difficulties presented m the prosecution of this enquny are very numerous, 
the results being complicated by the joint effects of the direction of current 
on conductivity and of the poles on oxciUbility. As regards the latter, 
the changes of excitability m the animal nerve under electrotonus have been 
demonstrated by the well-known experiments of Pfliiger la a nerve-aad- 



(b) 

Fro. L 


muBide preparation, the presenoe of a pole P u ebown to induce a variation of 
exdtabUity of a neighbouring point S. When P is kathode, the excitability 
of the point S, near it, is enhanced; atimulation of S, prenonely inelfeotiTe, 
now beoofiaes efbotive, and the resulting excitation is transnutted^to M, 

* Bom, " An Automatie Method tor the Inveetigation of Veloeity of ’Staanamma ot 
Enoitetion in Mmoaa," * FhiL Tnne.,' B, voL S04 (1913). 

VOL. ucxxvin.— D. 2 Q 
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oanring response of the muscle Conversely, tiie application of anode at P 
eauses a depression ot excitability of S. Stimolus previously efibotave now 
becomes ineffective. In this manner the transmission of excitation may be 
indirectly modified by the polar variation of excitalnhty of the stimulated 
pomt (fig la) 

In the above experiment it will be noted that for mducing a variation of 
exoitabihty, the tract of nerve iSM, along which excitation is transmitted, need 
have no current passing through it The presenee of a given pole is enoi^h 
to induce a definite variation of excitabihty in its neighbourhood. For 
convenience 1 shall call this the Inductive actum of a pole 

The characteristic variations of excitability mduced by polar action are ' — 

(1) The enhancement of excitability at (ht near the kathode , 

(2) The depresfflon of excitability near the anode. 

'Hie boundary between the two polar extensions is reached at a point 
between the anode and kathode, this point at which the excitabihty is 
unaffected is known as the indifference pmnt 

The question whether the inductive action of electric poles affects the rate 
of conduction has been investigated by von Bezold* and by Butherfard.t 
Yon Bezold found that both descending and ascending currents at A (fig li) 
increased the propagation-tune between B and C above the notmaL 
Rutherford found on the other hand that the descending current diminished 
It The results obtained are thus seen to be indefinite as regards the 
inductive effect of extrapolar current on conduction 

Turmng from the inductive effect of neighbounng poles, we have the 
definite object of enquiry Does the direction of an eleotnc current, as such, 
cause any selective variation in the propagation of exatation? In other 
words, will a homodromous current, te. one which flows in the directioB of 
propagation, help or retard transmission of excitation ? Will a heterodromous 
current on the other hand give rise to an opposite effect 7 The object of this 
particular enqmry is to determine the pun effect of direction of ourrent on 
conduction of excitation in a tissue through which a current is flowing. We 
shall call this the DyiumM effect ot a current on conductivity and distinguish 
it from the Induettve effect. 

The experimental difUoulties in isolating the pure effect (ff current tm the 
intensity and rate of propagation of excitation ate very great. Jbt the 
experiment where “ the whole polar region is mterposed between the exoitiitg 
electrode and the musple, the oonditions are (very) con^x. I have been 
unable to find evidenoe of any marked altecatum in pR^sgatien rate, unless 

* von Besold, 'Elciktr. Erreg Norven «. Mukda,' leipng, IWl. 
t Stttlierford, ' Joura. Aaat ad Fhyslti.,' Zeadoa, tti 8, p. 67 <1666). 
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the polansing ourient is intense or of prolonged duration, in which oaae it is 
always retarded. The presence of two polar rogioais, a cathodic accelemtang 
and w uiodio retarding, causes the one change to oounterbalanoe the other ** 
The above would appear to indicate that a current has either no efEaot or a 
retarding action on conduction of excitation. These conflicting results are no 
doubt due to the disturbing influence of the two poles. But this is not the 
only source of uncertainty in this investigation. Ear more senons is the 
difiSoulty which anses, as we shall see, bcm the escape of the induction 
current employed as the test stimulus. In the course of this paper 1 shall 
show how these experimental difficulties have been overcome, and how definite 
IS the charactenstic variation of conductivity caused by the directive action 
of an electnc current. The object of my present paper is primarily the 
dmnonstration of tlie selective conductivity mduced in the conduotmg tissne 
of the plant by the passage of an electnc current After giving the results 
of this enquiry, I next deal with the question whether the vanous effects 
observed in the plant have their parallel m the case of the annual also. 

Method of ConduettvUy Balancf, — I have previously earned out an electncid 
method of investigation dealing with the influence of electnc current on 
conductivity The method of Conductivily Balance which I devised for this 
purposef was found very suitable. Isolated (xmdnotuig tissues of certam 
plants were found to exhibit transmitted effect of excitatory electnc change 
of galvanometnc negativity, which at the favourable season of the year was 
of sufficient intensity to be recorded by a sensitive galvanometer. A long 
strand of the conducting tissue was taken and two electnc connections were 
made witii a galvanometer, a few centimetres from the feee ends. Thermal 
stimulus was applied at the middle, when two exmtatoiy waves with their 
oODoomitant electnc changes were transmitted outwards By suitably moving 
the point of application of stunulus nearer or farther away from one of the two 
electnc contacts, an exact balance was obtained This was the case when the 
resultant galvanometer deflection was reduced to zero. If now an eleotneal 
current be sent along the length of the conducting tissue, the two excitatory 
waves sent outwards fimn the central stunulated point will encounter the 
electnc current m different ways , one of the exoitatoiy waves will travel 
with and the other against the direction of the current If the power of 
tnaamitting exoitatiion is modified by the direction of an electric current, 
then the magnitudes of transmitted excitations will be different in the two 
oaaes, with the result of the upsetting of the conductivity balance. IVom the 

* Qoteh, *' Polar Bxeitatiou of Nerve ” in 'Text-Book of Phynolcgy,' edited by 
Sofatfer, 1800, p. 008. 

t Boie, " Oraiperalilve Eleohro-idiysiology ” (1807X haagamaM, Green and Oo. 

2 Q 2 
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results of experiments canied out by this method on the elSfMt ol feeble 
current on conductivity, the conclusion was amved at that eamftUion w Idter 
wndvJtAed agmnat the dnrectwn of the current than vnth tt. In other words the 
mfluence of an electric current is to confer a preferential or selective direction 
of conductivity for excitation, the tissue becoming a better oondnotor in an 
electric uphill direction compared with a downhill 

The result was so unexpected that I have been long desuous of testing the 
validity of this conclusion by independent methods of enquiry. In the paper 
Steady referred to, I have described an automatic method for recording tiie 
velocity of thmsmiasion of excitation in Mvmoaa where the excitatory fall of 
the motile leaf gave a signal for the amval of the excitation imtiated at a 
distant point In this method the responding leaf is attached to a light 
lever, the wnter being placed at right angles to it The record is taken on a 
smoked glass plate which durmg its descent makes an mstantaneous electric 
contact, m consequence of which a stimulating electnc shook is applied at a 
given pomt E of the petiole (fig. 2). A mark m the recording plate mdicates 
the moment of application of stimulus After a defimte mterval, the excitation 
is conducted to the respondmg pulvinns P, when the exmtatory fall of the 
leaf pulls the wnter suddenly to the left. Firom the curve traced in this 
manner the tune-interval between Uie apphoaUon of stimulus and the 
initiation of response can be found and the normal rate of transnussion of 
excitation thror^h a given length of the oonductmg tisane dedueed. Uie 
experiment is then repeated with an electrical current flowii^ along the 
petiole with or against the direction of transmission of excitation. The 
records thus obtained enable us to determine the mfluence of the direction ci 
the current on the rate of transmission. I shall presently deaonbe the 
vanous difficulties which liave to be overcome before the method just 
indicated can be rmidered practical. 

The scope of the investigation will be best described aocordii^ to the 
following plan. 

Part I. — Influence of direction of electnc current on conduction of 
excitation in plants. 

1. The general method of experiment 

2 The effect of feeble heterodromouB and homodromous currents on rate 
of conduction 

3. Determination of variation of conductivity by the method of mfaiwai 
sbmulus and response. 

4. The aftereffects of heteiodromous and homodromous curtMits. 

6. Phenomenon of reversal under moderate ourwnt. 
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Fart IL — tafluence of direction of eleotrio onrrent on oondnction of 
emutation in animal nerve 

1 The method of experiment. 

2 Variation of velocity of tranemianon under heterodromons and 
homodromous currents. 

3 Variation in the intensity of toansmitted excitation under the action 
of heterodromons and homodromous currents. 

4 After>effect8 of heterodromons uid homodromous eunents. 

5 Phenomenon of reversal. 

Pabt I — Influence of Dibection of Cdbrbnt on TaANsmssioN of 
Excitation in Plant. 

I 

1. Tht Method of Experiment. 

I may here say a few words of the manner m which the penod of 
transmission can be found from the record given my resonant recorder, 
folly descnbed in my previous paper. The writer attached to the recordmg 
lever of this mstrument is maintained by electromagnetic means m a state of 
vibration to and fro. The record thus consiBts of a series of dots made by the 
tapping writer, which is tuned to vibrate at a definite rate, say 10 times per 
second This method of mtermittent contact not only removes the error due 
to friction, but also enables time-relations to be deduced from the record 
In a particular case whose record is given m Curve 1 (fig 3) mdirect 
stimulus of eleotno shook was applied at a distance of 15 mm from the 
responding pulvinus There ue 15 int^emng dots between the moment of 
application of atunulus and the beginnu^ of response , the time-mterval is 
therefore 1*5 seconds The latent penod of the motile pulvinus is obtained 
from a record of direct stimulation , the average value of this in summer is 
0*1 second. Hence the true period of transmission is 14 seconds for a 
distance of 15 mm The velocity determmed in this particnlAr case is 
therefore 10*7 mm, per second. 

Jhttwiieaute cauaeA hy ike Leakage qf Chintent. — ^Employing this method of 
leocrd, an attempt was made to determine the changes of velocity under the 
action of heterodromons and homodromous currents. But a eenous difficulty 
encountered at the bes^nning of the investigation arose from the leakage of 
the induction current used as the testing stimulus. This will be understood 
from a concrete example. The record in % 3, for example, shows 16 inter- 
vening dots between the moment of indirect application of stimnlns (at a 
dietsnoe of 15 mm.) and the beginning of response The recorded time-mterval 
for traaamisBioB was thus 1 5 scoonda. The latent penod of ^ pulvmus 
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obtained on direct etimnlation was, as stated before, 0 1 aeccaid. Bepetitian 
of the experiment always gave a time-mterval of 1 5 seconds finr indirect and 
0 1 second for direct stimulation Now, on oompleting tbe oucoit of the 
constant current, which for convenience I shall indicate as tbe polarising 
circuit, the time-interval for indirect stimulation was at once reduoed to 
O'l second, which is the value of the latent period for direct stimulation. 
This happened ou the mere completion of the polansing circuit, with 
current reduoed even to zero It is evident that'this untoward result was 
due to the escape of the alternating induction current, which went not 
merely across the short path from £ to £', but also round by the circuitous 
path of the polarising circuit. It was the escaping current which caused the 
direct excitation of the pulvinus This particular difficulty I was finally 
able to overcome by interposing the electromagnetic device of a choking coil, 
which effectively prevented the passage of the alternating induction current 
into tbe polarising circuit (fig 2) 

Preoautioh has to be taken against another source of disturbanoe, namely, 
tbe excitation caused by the sudden commencement or the cessation of tbe 
constant current. I have shown elsewhere* that the sadden initiatiou or 
cessation of the current induces an excitatory reaction in the plant-tissue 
similar to that in the animal tissue This difficulty is removed by tbe mtro- 
duotion of a sliding potentiometer, which allows the applied electromotive 
force to be gradually increased from zero to the maximum or decreased from 
the maximum to zero 

The experimental arrangement is diagrammatically shown m fig. 2. After 
attaching the petiole to the recording lever, mdireot stimulus is applied, 
generally speaking, at a distance of 15 mm. from the responding pulviaus. 
Stimulus of electric shock is applied m the usual manner, by means of a 
sliding induction ooiL The intensity of the induction shock is adjusted by 
gradually changmg the distance between the secondary and the pnmaiy, 
till a mimmally effective stimulus is found In the study of tbe effimt of 
direction of constant current on conductivity, non-polariaable electrodes make 
suitable electric connections, one with the stem and the other with the rip 
of a sub-petiole, at a distance from each other of about 05 mm. The pomt 
of stimulation and the responding pulvmus are rims situated at a consider- 
able distance from the anode or the kathode, in the indifferent region in 
which there is no polar variation of excitability. By meene (rf a Pohl’s 
commutator or reverser, tbe constant current can be maintained either 
“ with " or “ against " the direction of trannnission of exoitarion. 39ie 

* Bom, ‘Plmt Basponm’ (190e)i 'ImUbffitT of Plants* (lOUX Longmana Ossan 
and do , London. 
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former, as stated before, will be designated as the homodromoits, and the 
latter as the heterodromous current Electrical connections are so arranged 
that when the commutator is tilted to the right, the current is homodromous 
when tilted to the left, heterodromous 
For the purpose of convenience I shall call the constant current the 



Fio 2. — Oomplete apparatus for investigation of the variation of conducting power in 
JVtmora A, storage oeU , 8, potentiometer elide, which, bp alternate movement to 
nghtor left, oontinuonilp Increases or decreases tiieiq^hedlE M F : K, switdi kep for 
putting current “on” and “ off” without variation of resiataaoe, E, IT, eleetiodea of 
induction coil fbr etiraulation , C, choking coil , O, microammeter 

polunsiiig current, as it will be shown that its effect on condootivi^ is 
disomninative or polar, depending on the direction of the oarvent. It 
should, however, be distiaotlp understood that nnder the partiooUr expen- 
mental arrangement the possibility of polar variafeon of excitability at the 
points of stimulation and region of response is avoided. 
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The electrioal reaistanoe offered by the 95-mm. length of stem and petiole 
will be from two to three million ohms. The mtenaity of the coBBtant 
current flowing through the plant can be read by unplugging the key wfakh 
short-circuitB tlie microammeter 6. The choking coil C prevents the 
alternating induction current from flowmg into the polsnsing oironit and 
oausmg direot stimulation of the pulvinua 

Before descnbii^ the experimental results, it is as well to enter briefly into 
the question of the external indication by which the conducting power may 
be gauged. Change of conductivity may be expected to give nse to a 
variation in the rate of propagation or to a variation m the magmtude of the 
excitatory impulse that is transmitted Thus we have several methods at 
our disposal for determining the induced variation of conductivity In the 
first place, the variation of conductivity may be measured by the mdnoed 
change in the velocity of transmission of excitation In the second place, 
the transmitted effect of a sub>maximid etunnlus will give rise to enhanced 
or diminished amplitude of meohamcal response, depending on the increase 
or decrease of conductivity brought about by the directive action of the 
current And, finally, the enhancement or depression of conductivity may 
be demonstrated by the ineffectively transmitted stimulus becoming effective, 
or the effectively transmitted stimulus becoming ineffective 

Bsdvrm. of iho Factor <f ExcUaJnlUy . — ^Hie object of the enquiry being 
the pure effect of variation of conductivity, we have to assure ourselves that 
under the particular conditions of the experiment the complicating factor of 
polar variation of exoitabiUl^ is eliminated. It is to be remembered that 
excitatory transmission in lt%moM takes place by means of a certain conduct- 
ing strand of tissue which runs through the stem and the petiole. If a pomt 
on the petiole of a given leal be subjected to strong stimulation, an excitatory 
impulse will not merely be transmitted across its own pulvmns, but will 
travel farther along the stem, inducing the fall of other leaves. Cmiveisely, a 
strong stimulus applied on the stem gives nse to an impulse which passes 
through the pulvinus to the petiole and thence to the sub-petiole, as evidenced 
by the successive dosure of its leaflets. The main pulvinus may thus be 
regarded as a contractile indicator of excitation, interposed in the path of 
the conducting strand which connects the stem with the petiole. In the 
experiment to be described, the polarising currmit enters by the tip of the 
petiole and leaves by the stem, or mee vend, the length <of the inttapelar 
region being 95 mm. The point of application of'stimulna on die petiole is 
40 mm. from the electrode at the tip of the leaf. The responding pnlvinne 
u also at the same distance from the electrode on the stem. The pohit d 
stimulation and region of response are dins at the relatively great 
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of 40 nun. from either the anode or the kathode, and may therefore be 
regarded as situated in the indifferent region. This is found to be verified m 
actual experiments. 

2 Effects of Jhreettm of Cu/rrcivt on VeloeUy of Jhansmwsum. 

A very convinomg method of demonstrating the infiuenoe of eleotno 
cunent on oonduotivity consists in the determination of ehanges induced m 
the velocity of transnussiou by the directive action of the current. For this 
purpose we have to find out the true tune required by the excitation to travel 
through a given Isiq^h of the oonduo&ig tissue (1) in the absence of the 
current, (2) against and (8) with the direction of the current. Tlie true time 
IB obtamed by subtracting the latent period of the pnlvinus from the observed 
interval between the stimulus and response. Now the latent period may not 
remam constant, but undergo change under the action of the polansing 
current. It has been shown that the excitability of the pnlvinus does not 
undergo any change when it is situated in the middle or mdifferent region 
The following lesalts show that under parallel conditions the latent penod 
also remains unaffected — 

Table I — Showing the Effect of Polaiising Current on the lAtent Penod 


Speoimenfl 

mi 

IL 

$ 

160 

•eo 

period under normol condition 

0 10 

0-09 

„ heterodvomooi oumnt 

0 11 

0 10 

„ „ homodromoui oumnt 

0-09 

0*09 


The results of experiments with two different specimens givmi above show 
that a’current appbed under the given conditions has practicalfy no efibot <m 
the latent penod, the slight variation being of the order of one-hundredth 
part of a second. This is quite negligible when the total penod observed 
for transmission is, as in the following cases, equal to nearly 2 seconds 
Induced Ohemgee in the Velawly of Tremmtenon . — ^Having found that the 
average value of the latent penod in summer is 0*1 second, we next proceed 
to determine the influence of the direction of current on velocity 
flfagwrmenf l.—As a rule, stimulus of induction shook was applied in this 
and in the follotring experiments on the petiole at a distance of 15 mm from 
the tespondug pnlvinus. The recording writer was tuned to 10 vibratuma 
per second; the qiaoe between two suooeedmg dots, therefore, represents a 
tune-interval of 0*1 second. The middle record, N m flg. 8, is the nonnaL 
There are 17 spaoes between the application of stimulus and the beginning 
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of response The total time is therefore 1 7 seconds, and by subtraoting from 
it the latent period of 0 1 second we obtain the true time, 1*6 seconds. The 
normal velocity is found by dividing the distance 15 mm. by the true interval 
16 seconds Thus V — 15/16 = 94 mm. per second We shall next 
consider the effect of current in modifymg the normal velocity. The upper* 
most record (1) in 6g 3 was taken under the action of a beterodromous 



Flo 3 — ^Beoord sbowing eiilisncenient of velocity of tnuumiation ladneed by hetero- 
dromotts (uppennoet curve) and retoidotioit of velocity mduced by bomodromoue 
(lowest curve) currents N, normal record m tbe absonoe of current •— indicates 
beterodromous, and — « bomodromoue current. 

current of the intensity of 1 4 microampirea It will be seen that the tune- 
mterval is reduced from 1 7 seconds to 1 4 seconds , making allowance for 
the latent penod, the velooity of transmission under heterodromons current 
Vi s 15/1 3 = 11*5 mm. per second In the lowest record (3) we note the 
ofiRsot of homodromotts current, the tiine-interval between stunnlus an d 
response being prolonged to 1 95 seconds and the velooity reduced to 8*1 mw»- 
per second The conclusion amved at from this meofaamcal mode of 
investigation is thus identical with that derived from the eleotno method 
of conductivity balance referred to previously 
That is to say, the passage of a feeble current modifies oonduofavity for 
excitation in a selective manner Conduotivity is enlumoed (igavtut, 
diminished vnth the direction of the current 
The mmimum current which induces a perceptible change of conduotivity 
vanes somewhat in different specimens. The average value this mSfiWi 
ouwent in autumn is 1*4 microamp&res The effect of even a feeblm onrrent 
may be detected by employing a test stimulus which is barely effective. 





CWrento on Tranvrmamn of Excitation. 498 


Table II. — Sho^R^ing Effects of Heterodtomous and HomodromooB Currents 
of Feeble Intensity on Period of Transmission through 16 mm. 


Niunber 

Intenutj of ourrent 
in miorounpiroB 

Ponod of hetoro- 
dromons tmnimusion 

Period of homo- 
dromouB tranemiiBion 

1 

1 4 

1 34 tenthft of a lecond 

16 tonthe of a eeisond 

2 

1 4 

18 .. 

n 

M 1* 

3 

1*3 

IP „ 


Arrwt 

4 

1 7 

1 

12 .. 

11 

14 tenths of a second 


Having demonstrated the effect of direction of current on the velocity of 
transnusBion, I shall next descnbe other methods by which induced vanatums 
of conductivity may be exhibited. 

3 iMenmmt'um of Variation of Canductimitf hy Method of Mintnud Stimulm 

and Seeponoe. 

In this method we employ a minimal stimulus, the transmitted effect of 
which under normal conditions gives rise to a feeble response If the passage 
of a current in a given direction enhances oondnctivi^, then the intensi^ of 
transmitted excitation will also be enhanced, the mmimal lespcmse will tend 
to become maximal Or excitation which bad hitherto been ineffectively 
transmitted will now become effectively transmitted. Conversely, depression 
of conductivity will result m a diminutoon or abolition of leBponse. We may 
use a single break'Shock of safRoient intwisity as the test stimulus. It is, 
however, better to employ the additive effect of a deflmte number of feeble 
make-and-bieak shocks. 

We may again employ additive effect of a definite number of induction 
shocks, the alternating elements of which ate exaotiy equal and opposite. 
This IS secured by causing rapid revetsaleof the primary current by means 
of a rotating commutator. The successive induction shocks in the secondary 
ooil can thus be rendered exactly equal and opposite 

Meporiment 2 — Working in this way, it is found that the transmitted 
excitation becomes effMtive or enhanced under heterodromous current The 
homodromous current, on the other hand, diminishes the mteusity of excitation 
or blocks it altogether. 

4. Jtfter-j^eett Homodrommt and Sdtrodromom Cummte. 

The passage of a current through a conducting tissue in a given direction 
oauses, as we have seen, an enhanced conductivity in an opposite direction 
We may suppose this to be brought about by a particular moleeular 
arrangement mdueed by the oucient, which assisted the propagation of the 
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exdtatoiy d]$tarbu)oe is a selected direction. On the cessation of this 
inducing force, there may be a rebound and a temporary reversal of previons 
molecular arra,pgementt with concomitant reversal of the condnotivity 
variation. The immediate aftei^eiTeot of a current flowing in a partienlar 
direction on conductivity u likely to be a transient change, the sign of 
which would be opposite to that of the direct effect The after-effoot of a 
heterodromous current may thus be a tempmary d^reasion, that of a 
homodromouB current a temporary enhancement, of Oonductivity 
Eac^penment 3. — ^This inference will be found fully justified in the following 
experiment — The first two responses are normal, after which the hetero- 
dromous current gave rise to an enhanced response. The deiffessing after- 
effect of a heterodromous current rendered the next response ineffective 
The following record taken during the passage of the homodromoiis current 
exhibited an abolition of response due to mduoed depression of con- 
ductivity. Finally, the after-effect of the homodromons current la seen 
to be a response larger than the normal (fig. 4). These experiments show 



Fia 4 — Direot and after efbot of hotarodromous and homedromouB ourreots. First two 
reoorda, K, K, normaL enhanoed tranamnaton under heterodromona current , 
^ arreit of oonduotion aa an after«eSeot of heterodromous oumnt. Kext record 
^ shows arrast under homodromons onrrent. last record ^ ahowe enhanoement of 
(mudootion greater tiian normal, oa an after-^ect of homodromouBourrent. (Dotted 
arrow ludicatea the aftar-affset on oeamtion of a given eunont ^ 
and ^ heterodromona eurrent.) 

that the after-effect of cessation of a carrent in a given direction is a 
transient condnetivity vanatioa, of which the sign is opposite to tVt 
induced by the oontinuatton td the current 
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5. Phenomenon qf SeveracU wider Moderate Intensitijf of Ourrent. 

In studying the effect of increasing intensiQr of polarising current, the 
oonconutant variations of conductivity ^ipeated at first aght to be very 
puzzling. The results obtained at differait stages were, however, very 
definite, In the first stage with very feeble ourrent there was no per* 
oeptible change of conductivity. At tiie second stage witii increasing 
ourrent the conductivity variation increased at a rapid rate, and soon 
attained a maximum. After this, at the third stage, the oonduotivity 
change underwent a decline, and then abobtion. The effect outwardly 
resembled that induced at the first stage. TbiucB was, however, a ^fference, 
for a cntioal point had now been reached beyond which there was a 
complete reversal of normal conductivity variation. These different effects 
will be clearly understood from the folloiring tabular statement: — 


Table ILL — ^Conductivity Variatioiis at Different Stages 



Heterodfomoui aumnt* 

Homodromooi ciinent 

Iitaee 

M .. 

m „ 

IV 

No pmepUbU duuge 

Knb«ft0d oonduoliTifcy 

Oandoobn^ elumge nadocad to 
f e>o ftt onMcaJ point 

BoTort^ diminution of oonduo- 
tion oubninating m » blook 

No perooptiblo ohnngo 

Dopreation of oonduotirity onbni 
noting in n blook 

Cooduotmtr change nduoed to 
aero at oritloal pomt 
Enbmnoemait of oondnobon 


I shall now describe a typical experiment which will clearly demonstrate 
the phenomenon of reversal. 

Eic^pmment 4. — In this 1 was desirous of obtammg with an identical 
specimen alternate records showing (1) normal effect under feeble current, 
(2) reversed effect under moderate ourrent, and (3) normal effect once more 
under the original feeble current. It took two hours to obtam these six 
records (fig 5) at intervals of 20 minutes The q^emmen was vigorous, 
and therefore was httle affected by fatigue. The normal enhancement of 
conductivity under heterodromous ourrent was observed at as low a current* 
intensity as 1 microampere. In the first of the pair of records (1) we 
find the interval between stimulus and response under heterodromous 
ourrent to be 18 tenths of a second , this was prolonged to 21 tenths under 
homodtomoos ounent; the current was next rauwd to 3 mioroampbres, 
and we observe in the pair of records (2) the reversal of imnnal effect by a 
block of conduction under heterodromous, and transmission under homo* 
dromons current; the tfme*interval in the latter case is 20 tenths of a 
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second The pair of records (3) was taken once more under tbe onginal 
feeble current of 1 microampere (6g. 6). The plant had by thu time become 



Fio 5 —Records obtained with an identical speounen showing (1) normal action under 
feeble current , (S) reversed action under strong onrrent , (3) normal effect once 
more under feeble current -* rapresenta homodromous and heterodromoue 
current 

sbghtly fatigued, the results, however, are similar to those of the first 
series. We have transmission once more under heterodromous current 
(the time-iuterval being 20 tenths instead of 18 tenths of a second), sad 
retardation culminating m block under homodromous current. I give 
below a tabular statement of results of typical experiments on reversal 
under moderate onrrent 


Table IV — Beversal under Moderate Intensity of Current. 



The action of a strong current induces a block oonduotion under both 
heterodromous and homodromous currents. 




Currents on TnxMmisdon of Exi&tai%on. 
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FaBT II — IkFLUSKCE of DIBECTIOK 07 EuCCTRIC CmtBENT ON CONDOCnON 
OF Excitation in Animal Nkrtb. 

1 shall now take up the question whether an electrical current induced 
any selective variation of conductivity in the animal nerve, similar to that 
mduoed in the conducting tissue of ^e plant 

1. The JfefAod oj JSsapenment 

In the experiments which I am about to describe, arrangements were 
specially made so that (1) the excitation had not to traverse the polar 
region, and (2) the point of stimulation was at a relatively great distance 
from either pole. The fulhlment of the latter condition ensured the pomt 
of stimulation being placed at the neutral region 

In the choice of experimental specimens I was fortunate enough to secure 
frogs of unusually large size, locally known as “golden frogs" (Sana 
tigrma) A preparation was made of the spme, the attached neive, the 
muscle and the tendon The polarising electrodes were apphed at the 
extreme ends, on the spme and on the tendon (fig 6) The foUowmg are 
the measurements, in a typical case, of the different parts of the preparation 



I'm. fto-Experinental ansngement for itudy of venation of oonduotmty of nerve by 
the dueotive aetion of an eleotno ounent. a a', nerve ; S, point of applioationof 
■timnlno ta tiio middle or indifftrent tegiini 
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Length of spine between the electrode and the nerve = 40 mm ; length 
of nerve ss 90 mm , length of muade ss 60 mm , length of tendon s 30 znm. 
Stunnlus is applied in all cases on the nerve, midway between the two 
electrodes, this point being at a mimmum distance of 100 mm. from either 
electrode. The point of stimulation is, therefore, situated at an indiffotent 
r^on 

Great precautions have to be taken to guard against the leakage of 
current The general arrangement for the experiment on animal nerve is 
similar to that employed for the corresponding investigations on the plant 
The ohokmg coil is used to prevent the stimulating induction current from 
getting round the polarismg circuit The specimen is held on an ebonite 
support, and every part of the apparatus insulated with the utmost care 

2 Vanotiion of Vdoe%ty of Trmmfvimon 

In the case of the conducting tissue of the plant a veiy striking proof 
of the influence of the direction of current on conductivity was afforded by 
the mduoed variation of velocity of transmission Equally stnking is the 
result which I have obtained with the nerve of the frog 

Esgammmt 5 — The experiments described below were earned out daring 
the cold weather The following records (fig 7), obtained by means of the 
pendulum myograph, exhibit the effect of the direction of current on the 



Flo 7 — ^Effect of heterodromous and homodromous current m indueiiig variation in 
velocity of transmiseion Uirough nsrve. N, normal record ; upper record shows 
en h a n c e ment and lower record retardation of velodty of touumission under 
heterodromous and homodromous ouirents respectively. 

penod of trwsmuBion through a given length of nerve. The b^ent 
of muscle being constant, the variations in the recorda exhibit ratee 

of oondttotion. The middle record is the nramal, in the abeenoe of anjrowMut 
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The upper record, denoted by the left*handed arrow, shows the action of a 
hoterodromous current in shortening the period of transmission and thus 
en hai^p p the velocity above the normal rate The lowei record, dmioted by 
the nght-handed arrow, exhibits the effect of a homodromons current m retard- 
ing the velocity below the normal rate I find that a very feeble heterodromous 
current is enough to induce a considerable increase of velocity, which soon 
reaches a limit For inducing retudation of velocity, a relatively strong 
horaodromous current is necessary. 1 give below a table diowing the resnlts 
oft several experiments. 


Table Y. — Effect of Heterodromous and Homodromous Currents of Feeble 
Intensity on Velocity of Transmission. 


SpttoimAtt 

Intrant/ of 
hotevodromouN 
current 

▲eoelention 
aKove normid 

InUneity of 
homodroinoiis 
current 

Batnrdation 
below normal 


nucroftmpfere 

per cent 

microamperes 

per oent 

1 

0 dS 

16 

' 1 

20 

2 

0 7 

18 

1 6 

10 

8 

0*8 

18 

8-0 

14 

4 

0*8 

11 

2-0 

18 

5 

1*0 

18 

2*6 

12 

6 

1 8 

16 

8*0 

40 


3. Vanation qf JnimcUy qf Traimtltied under Hetmdrcmm and 

Somodromm Cwrenta. 

In the next method of investigation, the mduoed variation of intensity of 
transmitted excitation is inferred from the varying amplitude of response of 
tlie terminal muscle Testing aumulns of snb-maxhnal intensity is applied at 
the middle of the nerve, where the polarising current induces no vanation of 
excitability Stimulation is effected either by a single break-shock or by the 
summated effects of a definite number of equi-altemating shocks, or by 
chemical stimulation, 

jSspenoMfU 6 —Under the action of feeble heterodromous current the 
transmitted excitation was always enhanced, whatever be the form of stimu- 
lation Homodromous current on the other hand mlubited or blocked 
excitation (figs. 8, 9) 

CbmplMaftoH due to Varvdwn qf JSiCfUabdUy of Muede — In experiments with 
the idaut, there was the unusual advantage in having both the pomt of 
stimulation and the responding motile organ in the middle or indifferent 
region. Unfortunately this ideally perfect condition cannot be secured in 
expenments with the nerve-and-muscle preparaluon of the frog It is true 

VOU LXXXV1U<— s. 2 B 
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that the point of stimiilation in this case is chosen to lie on the nerve at the 
middle or indifferent region. But the responding muscle is at one end, not 
very distant from the electrode applied on the tendon. It is, therefore, 



Fio 8. — ^Ineffectively tranAmitted salt-tetsmu beoommg effective under heterodromous 

current 



Fia 8-*-Direot and after-effect of homodromouB current Tranemitted ezottation 
(aalt-tetanua) arrested under homodromous current , on oeeeation of current there 
IB a trauBient enhancement above tiie normal 

necessary to find out by separate expenmente any vanatum of excitability 
that might be induced in the muscle by the proximity of either the anode or 
the kathode, and make allowance for such variation in interpreting the resuUa 
obtained from investigations on vanation of conductivity 
In the experimental arrangement employed, the heterodromous ouneat u 
obtained by makmg the electrode on the spine kathode and that on the tendon 
anode The depressing influence of the anode in tbu case may be expected 
to lower, to a certain extent, the normal excitability of the teeponding musde. 
Conversely, with homodromous ourrent, the tendon is made tto kathode and 
undei Its mfluenoe the muscle might have its exeitahiUty raised above 
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the normal. These antimpations are fully supported by results of expen- 
menta. Sub-maximal stimulus of eqni-altematmg mdnotion diook was 
directly applied to the muscle and records taken of (1) response under nonnal 
condition without any current, (2) response under heterodromons enrxent, the 
tendon being the anode, and (3) response under homodromous ourrent, the 
tendon bemg no^ made the kathode It was thus found that under 
heterodromouB current the excitability of the muscle was depressed, and 
under homodromous current the excitalnlity was enhanced. 

The effect of current on response to direct stimulation is thus opposite to 
that on response to transmitted excitation, as will be seen in the following 
Table 

Table VI — Influence of Direction of Current on Direct and Transmitted 

Effects of Stunulation. 


Dinofcion of oomnt. 

Xmasmittad 

ezeita^n 

Bireot stunulation 

Hetendromoot ourrent 

Homodromous onmnt 

1 Bnhanced rasponia 

1 Beproisod rotponao 

Depressed response 

Xohnnoed wsponse 


The passage of a ourrent, therefore, induces opposing efihots on the con- 
ductivity of the nerve and the excitability of the muscle, the resulting 
response being due to their differential aotiona Under heterodromons current 
a more intense excitation is transmitted along the nerve, on account of 
induced enhancement of conductivity. But this intense excitation finds the 
responding muscle in a state of depressed exidtability In spite of this the 
resulting response is enhanced (fig. 8) Hie enhancement of conduction under 
beterodromouB ourrent is, m reality, much greater than is indicated m the 
record. Similarly under homodromous ourrent the depression of conduction 
in the nerve may be so great as to cause even an abohUon of response (fig. 9), 
in spite of the enhanced excitability of the muscle. The actual effects of 
current on conductivity are, thus, for in excess of what are indicated in the 
reomrds. 

The two factors, namely, the induced variation of the conductivity of the 
nerve and the excitability of the musole, being antagonistic, certain effects 
may be predicted when the relative values of the two are changed in defimte 
ways. Let us first consider the effect of diminishing the factor of conductivity 
of nerve to xero, by bringmg the stimulator near the muscle, this bemg tanta- 
mount to direct stimulation. The result is seen in the third column of the 
Table given above We may next increase the value of the conductivity factor 

2 R 2 
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by increasing the length of the conducting path, t e by taking greater lengtii 
of nerve for transmission of excitation The result is seen m the second 
column of Table Yll It will now lie onderstood how, by shortenmg the 
length of nerve, the normal effect may undergo a reversal I shall m the 
following Table denote the change of conductivity of nerve by C, that of 
the excitability of muscle, by E„ 


Table VII — Beversal of Normal Effect by Shortenmg the Length of Nerve. 

Length of 
nerre 

Bireotion of 
Current 

ConduotiTitj of nerve vtfrvvr 
exoiUbility of muffole 

Resulting response 

1. Long 

2 Short 

Heterodromoue 

Homodromoufl 

Heterodromoufi 
Homodromoui I 

Knhanoed Cn > Dopremed 
]>cpreiised On > Enhanced Km 

1 Knhanood C» < Pepresiied Km 
Depreiied On < Knhanoed Km 

Knhanoed response 
Depressed response 

Depressed response 
Knhanoed response 


I shall now give experiuieutal verification of the truth of the inferences 
that have been outhned above 

Expcnment 7 — We have seen that, when the nerve is stimulated m the 
middle or indifferent region, the transmitted effect is normal From the 
above we see that this normal effect will persist, as long as the nerve-tract is 
of sufficient length , and that the effect will undergo an apparent tevcrsid 
when it IB very much shortened. This is fully borne out by results of 
numerous experiments For example, the length of nerve in a preparation 
was 90 mm When stimulus was applied near the spine (length of trans- 
mission as 90 mm.), the transmitted effect was found to be normal, 
enhanced response under heterodromons, and depressed re^nse 
homodiomous current. The transmitted effect temainod normal as the 
stimulator was gradoally moved towards the muscle, thus reducing the 
length of transmission A critical length was now found below which the 
effects underwent a reversal This was the case when the length of the 
neive was reduced to 15 mm., the reversed effects being an enhanced 
response under homodroraous, and a depressed response under heterodromons 
current These are duo, as explained before, to the induced variation of 
exoitabihty of muscle, winch now became the predominant factor The very 
great influence exerted by the direction of current on conductivity of nerve is 
forcibly brought to out mind by the fact that under normal it 

oompletelj overpowers the opposing effect of change of excitability in the 
muscle 
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4 Aftet -JSffects 0 / ff^erodromotu and Homodromous Cm rents 

On the oesiiation of a current there is induced in the plant-tuaue a transient 
conductivity change of opposite sign to that induced by the direct current 
{cf Experiment 3) The same I find to be the case as regards the after-effect 
of current on conductivity change in animal nerve Of this I only give a 
typical experiment of the direct and after-effect of homodronious current on 
salt-tetanus 

Expenmmt 8. — In this experiment sufficient length of tune was allowed to 
elapse after the application of the salt on the nerve, so that the moacle, in 
response to the transmitted excitation, exhibited on incomplete tetanus. The 
homodromouB current was next applied, with the result of mduciug a complete 
block of conduction, with the concomitant disappearance of tetanus (fig 10) 



Fio 10 —Normal transmitted salt-tetanus without cununt at 0 Enhanoemeut under 
heterodromons current of 3 mioroampdres Beversal at 10 micioampilres 

The homodromous current was gradually reduced to sero by the appropriate 
movement of the potentiometer slide The after-effect of homodromous 
current is now seen in the transient enhancement of transmitted excitation, 
which lasted for nearly 40 seconds. After this the normal conductivity was 
restored Bepotition of the experiment gave similar resulta 

0 Pfienomenon 0 / vernal 

In experiments with Mtmosa it was shown that an increase of polansmg 
current above the critical value gave nee to a reversal of the normal 
conductivity variation (e/ Expenment 4) Even in this matter of reversal 
1 find a very remarkable patalleliem between the reactions of the conducting 
tisstte of the* plant and the nerve of the animal The reversal was obtained 
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both with hetetodromouB and homodromoas carreata, the te n t ing stixni)w 
being either electrioel or chemioal 

Beveraal under Inereaaed Seterodromoue Current 
Evpermervt 0. — In this the transmitted exoitabon due to the aj^ici^on of 
salt, gave nse to an incomplete tetanus of moderate intensity. After seouring 
this condition, heterodromous current was applied and oontinuonsly inoraued 
It will be seen (fig 10) that a great enhancement of oondnotion took place 
when the current attamed a value of 3 mioroamp^res A reversal was, 
however, induced as soon as the current reached a value of 10 nuoroampites, 
and we observe a complete cessation of normal incomplete tetanus From 
this we see that under reversal the conductivity is depressed below the 
normal 

Table VIII, — Showing Ifonoal and Beversed Bfifeots under Heterodromous 

Current 


No 

Intondtjr of eUmnt iot 
aonnftl ophnnoomtut 
of eoaduofciT%« 

Intsnsitjf of ourrent for 
lorefied ofeeot of deproMion 
of oooduotinfcy 



niOTOftinpires 



6 


1 6 

8 


2 

10 


2 

10 


8 

10 

6 

8 

10 5 

7 

8 

11 

8 

8 

12 


Btwnal under Increated Somodrimous Current 

Ei^aerment 10— On the appearance of incomplete tetanus T bronght 
on by the application of salt at the middle of the nerve, homodromoas 
current was oontmuously increased from pero to 10 mioroampkes nnd 
then gradually brought book to zero This was accomplished, as stated 
before, simply by the forward and backward movement of the potentiomilBr 
slide The resulting record taken on the revcdving drum shows the 
of effects. It IB seen that the oonduction in this case is arrested as soon aa 
the polarising current attains a value of 2 mioroamptres; at 10 miero- 
amperes there u mduoed a reversal with an enhanced condnetivi^ above tbe 
normal Under a eontmuous dinunution of oonent is an arrest of 
conduction once more at 2 mioroamptres, and restwation of cen- ' 

dnotion at zero mtensity of ontient. A eontmuous inorease of bunwt flatus 
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rise once more to su arrest of oondaction at 2 microamp&tes and a reversal 
at 10 mioroamp^tea It is a carious fact that the reversal under hetero- 
dromous and homodromous currents takes place, generally speaking, at the 
same intensity, namely, 10 microamperes 

Before passing under review the oharactenstio results obtained under 
vatying conditions of the experiment, I shall discuss briefly the quesUon 
whether it is possible to explain the observed results merely by oonudenng 
the induced variation of excitability as the sole cause. We shall take, 
then, the simple case of arrest of conduction by homodromous current , I 
find that the arrest takes place just the same, whethei the anodic electrode 
IS placed on the spine or on an adjacent point n, on the nerve itself (see 
fig 6) Discarding from our consideration the possibility of an induced 
vaiiation of conductivity, we may assume that the arrest was due to the 
depression of excitability of the stimulated pomt of nerve on account of 
the proximity of the anode But the point of stimulation was, m general, 
placed not near the anode, but in the middle or indifferent region In 
fact the diminution or arrest of transmitted excitation was observed even 
in the case where the stimulus was applied at the far end of the nerve, 
at a distance of about 70 mm from the anode at one end of the nerve, and 
only 20 mm from the muscle at the other end. Against this it might be 
urged that under the action of strong currents the anodic depression might 
extend to a considerable distance 

It has, however, been shown that for causing a depression or arrest of 
transmitted excitation's strong current was not at all necessary, such a 
depression sometimes taking place under an mtenaity of current as feeble 
as 03 mioroamp6ro, the applied EM.F being less than one third of a 
volt. The difficulty of explaining the observed results by an assumption 
of induced variation of excitability would thus appear to be insurmountable 
This difficulty is greatly intensified — indeed borders on the impossible— 
when we follow the same reasoning as regards the action of increasing 
intensity of homodromous current beyond the critical pomt With stronger 
current, not (mly will the indifferent point be pushed towards the kathode, 
but the depression induced by the anode will be so great as to render the 
stimulated pomt of the nerve inexcitable. There being no excitation to 
be transmitted, the response should then undergo an extinction. Instead 
of this we find that the response shows an actual enhancement, on account 
of the reversal of the induced variation of oonduotivity which has already 
been described. This shows conclusively that the phenomenon we have 
studied u due not to a variation of excitability, bat to that of oonduetivi^ 
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We have seen farther that a perfect parallelism exists m the oondootivity 
variation induced in the plant and in the animal by the diiecbve action of 
the cnrrent. No explanation could be regarded as eatisfuotory whiob is not 
apphcable to both cases. Now with the plant we are able to arrange the 
experimental conditions in such a way that the factor of variation of excita- 
bility 18 completely eliminated The vanons effects described about the 
plant-tissue are, therefore, due entirely to variation of condnotivity The 
parallel phenomena observed in the case of transmission of excitation in the 
animal nerve must, therefore, be due to the mduoed change of conductivity. 

1 may now briefly recapitulate some of the principal facts established in 
this paper 

The variation of conductivity induced by the directive action of current 
has been investigated by two different methods — 

( 1 ) The method in which the normal speed and its mduoed variation are 
automatically recorded , 

( 2 ) That in which the vanation in the intensity of transmitted excitations 
18 gauged by the varying amphtudes of resulting responses. 

The great difficulty arising from leakage of the excitmg mduction current 
mto the polarising circuit was successfully overcome by the interposition of a 
choking coil 

The foUowmg summarises the effects of dueotioa and mtensity of an 
electnc current, on transmission of excitation through the conductmg tissue 
of the plant — 

The velocity of traasmisaion is found to be enhanoed against the dueotioa 
of a feeble current, and retarded in the direction of the current 

Feeble heterodromous current enhances conductivity, homodnanons current, 
on the other hand, depresses it 

Ineilbctively transmitted excitation becomes effsotively transmitted nnder 
heterodromous current Effactivdy transmitted excitation, on the other 
hand, becomes meffectively transmitted under the action of homodrmnouB 
current 

The after-effect of a current is a transient conductivity change, the sign of 
which 18 opposite to that induced during the passage of current The aftei> 
effect of a heterodromous oarrent is, thus, a transieBt depression, sw. of 
homodromous current a transient enhancement of oonduotivit^^ 

When the intensity of oarrent is gradually inoteased, the cbarect etiiirti o 
conductivity variation is also increased, at first slowly, tiien ra^dly. Thst^ 
is a cntioal intensity of current above wbidi Uie oonduotivity vansition under- 
goes a decline, culminating in an actual levetsd Theeffeot of hetsthdromowi 
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oorrent is then a diminution, and that of ahomodromous cuneut an enhance- 
ment of conductivity 

The oharactenstio variations of conductivity induced in animal nerve by 
the direction and intensity of current are m every way similar to those 
induced in the conducting tissue of the plant. 

These vanous effeota are demonstrated by the employment of not one but 
vanouB kinds of testing stimulna Excitation may thus be caused (1) by 
a single break-induction shock, or (2) a senes of equi-altemating tetanising 
shocks, or (3) by chemical stimulation, 

The results that have been given are only typical of a very large number, 
which invansbly supported the characteristic phenomena that have been 
described. The records given m this paper are photographic reprodnctionB 
of the ongmaL 

CondvMon 

The action of an eleotnoal current in mduoing venation of conductivity 
may be enunciated under the following laws, which ore equally applicable to 
the conducting tissue of the plant and the nerve of the animal 

1 The passage of a current mduces a variation of conductivity, the effect 
dependmg on the direction and intensity of currmit 

2. Under feeble intensity, heterodromous current enhances and homo- 
dromous current depresses the conduction of excitation. 

3. The after-effect of a feeble current is a transient conductivity variation, 
the sign of which is opijosite to that induced dunng the continuation of 
cuirent. 

4 The normal conductivity variation undergoes a reversal under a 
strength of current above the ontical value The heterodromous current 
then induces a depression, while the homodromous current induces on 
enhancement of conductivity 

In my * Researches on ImtabiUty of Plants ’ I have shown how intimately 
connected are the vanous physiological reactions m the plant and in the 
animaL And I ventured to predict that the recognition of this unity of 
response in plant and animal will lead to farther disoovenes in phyeiolp^gr 
in general This surmise has been justified, for it was by the study of 
effect of current on the conducting tissue of the plant that I was led to the 
discovery of the oharactenstio effects of the direction of an electnc current 
on the conductivity of the animal nerve. 

Ky research assistants, Messra Gumprasanna Das, L MS., and Surendra 
Chandra Das, M A., rendered me very valuable help m this long investi- 
gation. 
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The Meamreinent of ArtericA Pressure *» Man, L-r. The 
Audttory Method. * 

Bj Mabtik Flack, Lbokard Hill, FRS. and JAim MoQcnN 

(Beceired December 3, 1914) 

From Phyaiological Labontory, London Hoepitol Medical College (Lmdon Hoepital 
Beaearoh Fund), and the Pathological Laboratory, Aberdeen UmTefciity.) 

In a previous commonioation* we showed that when an artery, exposed in 
a living animal, is compressed in a glass oomptessioin tube full of water 
(Binger's solution), the pulse, distal to the compression, is not obliterated 
until the pressure of the water is raised just above the systoho pressure of 
the blood in the artery, whereas when the same artery, placed on bone, wood 
or glass, is compressed by the bag of Leonard Hill's pocket sphygmometer, 
or by the armlet of the sphygmometer, so arranged that it does not embrace 
the Burroundmg pulsating tissues, the pulse is abolished by pressures under, 
and even much under, th^ diastolic pressure of the blood stream. 

These facts are correlated with the manner m which the artery is com* 
pressed in each case. Enclosed in the compression tube the artery is 
compressed by the water equally in a circular fashion so that the nse of 
external pressure, up to the diastolio pleasure, has no effect in produmng 
deformation of the arteiy. Ultimately, when the compression becomes 
greater than the diastoho pressure, the artery flattens and changes to the 
oval shape during diastole It is flattened during systole when the external 
pressure rises above the systolic pressure. 'When the carotid artery of the 
bvmg animal is freed from the surrounding tissues and placed on a watch* 
glass and compressed by the bag of the pocket sphygmometer, or by the 
armlet so arranged as not to embrace the pulsing tissues of the neck, the 
oval deformation sets in at far lower pressures and is complete in relattvdy 
tlun*walled labile arteries at pressures much under diastolio pressure. 
Consequently the blood flow is out down hy an external pressure less tiisn 
diastohc to a mere ineffective trickle of blood, and the pulse is oom^etefy 
damped out If a branch of the oarotid artery distal to the bsg were eon* 
nested with a C-spnng manometer, tiie record would show a progressive 
lowering of both the systolic and the diastolio joeseure almost to sere, tiU 
with an external pressure much less than the diastolic pressure In As 
aorta the pulse was damped out and the blood flow became a tiuckle. 

* *Boy. Soe. Proa,' B. 87, 844 (1914). 
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The MtagWfmmt of Ari&rud Presawre tn Man. 

iStow MaoWilliam and Meivin* have atndied the bebavioor of an onund 
artery oteased in a tube oontaining vrater with external preaearea fram ' 
aero up w> diaatoho preaaure. They find that witih pieaBures, aay, horn aero 
np to 60 mm Hg, the diatal manometers, aystolio and diastohc, give piaotioally 
nnohanged readmga. It la only when the external preasuxea become equal 
to the diastolic, or above it, that any great alteration m the distal manometer 
readmg ooonrs. We find that this is »> in the ease of the carotid of a 
hvmg animal enclosed in a glass compression tnbe and compressed by water. 
On the other hand, in the case of the same artery placed on a watch-^Uas, 
a much lower external pressure applied with the bag of the pocket qihyg- 
mometer is sufficient to obliterate the pulse. 

The question now arises, bow far do the conditionB of an artery embedded 
in the tissues and surrounded with the tissue vessels resemble those of an 
excised artery enclosed m a compression chamber full id water ? Were the 
' facts demonstrated ly this simple schema applieable, pressures from seto to 
50 mm. Hg should have no effect upon the diastolic and systolic pressures 
m the brachial or radial artery distal to the point of compression 

But such a conoluBion is contrary to every-day chmcal experience. When 
an armlet is placed on the upper arm and the radial artery is felt at the 
wrist, and the pressure in the armlet is raued from zero to 60 mm B^, at 
some stage, varying under different conditions to be detailed later, the pulse 
best at the wrist increases perceptibly in force Accordingly we have 
here a seeming paradox, augmentation of the pulse produced by an external 
pressure rising from 0 to 50 mm. Hg — a pressure sufficient to deform an 
exposed artery lying upon bone and damp out the pulse, but which has no 
effect on an artery in the simple schema of MacWilham and Melvin. 

The phenomenon in question is obtained with a varying degree of facility 
in different people In a patient whose systoho pressure was 130 and 
diastohc 80 mm. Hg, the increase in the force of the pulse beat became 
peroeptible at the wrist when the external pressure in the armlet on the 
upper arm was raised to 35-40 mm. Hg, After taking exeicise for three or 
four minutes, when the heart had been made to beat violently and the pulse- 
pressuzef range increased in extent, a condition approaching to the findings 
in aortic dtsease, an increase m the force of the pulse best became a^arent 
with 10 mm. of external pressure m the armlet 
In a case ci aortio disease with a large pulse-pressure range, the increese 
in the force of the pulse beat became apparent with 5-10 mm. of extmial 
pressure in the armlet. 

* ' fiCaart,* vd. 6, p. US (1914). 

f The dffbrsttM bstwsen tbs diastolis sad systolic ptew nt ss. 
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From a case of aortic disease having an aberrant radial artery w<s have 
' taken tracings, using tbe Dudgeon sphygmograph vnth vreight extensuni. 
The absence of the plethysmograph effect and of disturbance from venm 
comites — there are none accompanying the aberrant artery — ^was thus 
secured. In the tracing (fig 1) the external pressure m the armlet at the 
upper arm was, to begin with, 0 mm , then raised to 30 mm. The size of 
the iiutial pulse beat was regulated by tbe weight in the pan of the extension 
apparatus , some little skill is needed to secure the* proper weight to show 
tbe phenomenon in a marked fashion. 



Fio 1 

Ihe tracing demonstrates that there is an increase m the qrstolio pressnte 
in the radial artery as a result of oompressmg the upper arm; there is 
consequently an increase in tbe pulse-pressure range 
CVirroboration of these tracings has been obtained by placing one armlet 
on the calf and another on the thigh of a boy. In normal boys we find the 
thigh reading to be higher than that of the call* 


Boy 


Sysiohc preciure (horicontal porton). 

Hugh 

Cnlf 


min ofHg. 

mm. of Hg 

I 

1 

105 

186 

X40 'wVten 60 mm. Hg wat muntatnod m tbe thigh armlet 

WO „ 0 

11 

156 

* 120 

186 „ 40-<-50mm Hg „ „ 

in 

105 

89 

®0 II 1, j, ,, 


* In the caie of two patienta w«^ve observed a ayatoUc preasttre oonaklarahly bighar 
in the calf then in the thigh , ep,, 175 thigh, 300 eatf, upper part, and SSS ain. Bg lower 
part of leg These differenaes of pressure obtamad in bath lega IthaabaenSKggiatadtc 
UB that the higher reading in the leg may be due to protection of the artary fnnn oninnaastoii 
by fsaciUK It le difficnlt to sea bow this can come about, and we are at praaent M 
oflhr an explanation other than one baaed on the obaervatmiw datailsd m flue tollowli^ 
paper. Tbe differenoe was certainly not due to reeietanoe to oompreaeloii on the part of 
the arterial wall, foi the dorialu pedis artsiy in thsss potisBts ofltead no uOMNi 
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The tneasureinents of syetolic presBare thiA show an inorease in the oaU 
reading brought about by raising the pressure in the thigh armlet to ’ 
40-50 mm Hg. 

We find that the increase in the force of the pulse beat m the artery distal 
to an armlet coincident with the rise of armlet pressure from 0 to 60 mm. is 
correlated with the appearance of certain sounds audible with a stethoscope 
(Bowles' tambour form was used) placed at the elbow 

An armlet is placed on the upper arm and the stethoscope laul without 
pressure at the bend of the elbow, on raising the pressnre in the armlet 
above systolic pressure and then lowering it gradnidly, clear sounds became 
audible, gradually gettmg louder , these are followed first by mnrmurs and 
then by loud clear sounda At a certain level, which is taken as the index 
of the diastolic pressure, the loud clear sounds suffer a sudden dimmution m 
volume and tone, to be succeeded by dull sounds, these may be audible 
much below diastohc pressure, eg 28-36 mm. or so 
These dull sounds, we believe, are due to the sudden tension of the artery 
and its branches produced by the impact of the systohc wave This sets the 
mass of tissue enclosed in the armlet into vibration, the vibrations beoonung 
audible to the ear as sounda In the case noted previously these dull sounds 
appeared when the pressure in the armlet enclosing the upper arm reached 
36-40 mm. Hg At precisely the same level the force of tbe pulse beat 
could be felt increased while palpating with the fingers the radial artery at 
the wrist When tbe subject took violent exercise the dull sounds became 
audible when the pressure in the armlet reaidied 10 mm. Hg, and increased 
in loudness with successive increments of this {uessure 
In aortic disease, where the pulse-pressure range is high and the artery 
with each systole suffers considerable distension, the sounds are audible at 
the bend of tbe elbow under ordinary conditions. These sounds are at once 
increased in volume when the pressure m the armlet is raised 6-10 mm , at 
precisely the same levels of external pressure tiie finger feels tbe pulse grow 
stronger, and the sphygmogiaphic traoiug confirms the sensory impressions 
, from tbe fingers. 

Therefore we oonolude that a sound is given forth dependent on tbe 
pulse-pressure range of the blood stream which enters the armlet. If 
that range is high, a^. in aortic disease, the systcho wave is big enough to cause 
the sounds to be produced under ordinary oomhtions. If the pressure withm 
. tbe armlet ia raised 5-10-'20-80-40 the systolic wave is reinforced by the 

naistanmtooMaptMrioubytbelMCofthe pooksti^ygiaaiMter. Fiirtlnr,itjtdilBeatet« 
suppose that tbe aiteriMia sitlisr dioald eibr tiie mom local neistanoe to eompceanoa 
anda reeistanoo wbdDy dtffuwitto that of wlorios m other psrti 4>f the body. 
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inoreased teneion of the arteries under the armlet and the sound becomes 
loader. 

The bigger the pulso wave passing to the armlet, the ampler will swing 
the vessels under the armlet and the less the compresnon required to 
increase the force of the pulse wave m the radial artery at the wnst, and 
produce the dull sounds We believe these sounds are produced by the 
impact of the systolic wave vibrating the tense artery and its branches, big 
and small. Consequently they should be inde^ndent of the blood flow. 
An artery ligated beats up to the point where the ligature is applied 
Normally we feel pulses by closing the artery with the ball of the finger or 
thumb and feehng the impact of the i^Btohc wave on the tip of the finger or 
thumb To deform the artery with the finger a lower pressure than the 
diastohc pressure suffices. The finger deforms it just as the bag of the 
sphygmometer deforms an artery placed on bone. 

It is possible to arrange an armlet on the upper arm and a second armlet 
immediately below the tambour at the bend of the elbow Suppose the 
pressure is raised in the armlet to 30-40 mm Hg, sufficient to call forth the 
dull sounds, and that then the armlet pressure below the bend of the elbow is 
raised far above the ascertained systolic pressure of the blood. This stops all 
efiTective flow in the artery at the bend of the elbow , the subsidiary brandieB 
of the main arterial trunk rapidly fill up, as all exit for the blood is blocked 
in the distal area by the oompresaing armlet placed below. Yet the dull 
sounds persist Farther, these sounds become more audible os the blood fiow 
18 stopped That is exactly what one would expect if the sounds are due to 
sudden tension The artery and all its branches become tenser above the 
block. The whole kinetic energy of the pulse spends itself in striking the 
tense labile artery and its branches The whole mass of tissue under the 
armlet — permeated with blood vessels — is struck by the pulse. 

We find that the {dienomenon of an mcrease in the pulse force in the 
radial artery at the wnst is often felt best at the first examination of the 
patient with the sphjrgmometer The excitement produced by examination 
increases the force of the heart, and the high crest of the pulse wave reaching 
the tissues compressed by the armlet becomes reinforced : an increase in the 
force of the pulse beat is thus felt easily with a low pressaie within the 
armlet As the excitement subsides, and the pulse beat becomes normal in 
Its range, the level of pressure at which the morease is felt becomes higbw. 

As regards tho production of the loud sounds and murmurs heard on 
passing from diastolic level to systohc level, it is possible to separate the 
element of sound due to pure tension of the artensl waU and the element irf 
sound which requires a flow of blood. 
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SappoBe one raises the pressuie in the armlet on the npper atm to 100 nun. 
and so develops at the elbow the loud charactenstio murmnr If one then 
raise the pressure in another armlet plaoed below the anscoltating tambour, 
to well above the known systolic pressnre in the arteiy, this murmur 
disappears but a sound synchronous with each pulse beat appears in its place 
This is the dull sotmd due to the sudden tension of the arterial wall, a sound 
independent altogether of those vibrations which are set up m the arterial 
wall by that mrush and outrush of the blood which is synchronous with the 
crest of the systohc wave On lowermg the armlet pressure to the level at 
which tlie outflow of blood r^ina sufiicient velocity the ohaiaotenstic 
murmui returns. We conclude, therefore, that stoppage of the blood flow by 
the lower armlet while the pressure in the upper armlet ranges up to 
systolic pressure, cannot prevent the occurrence of sounds, though it leaves 
their quality changed The sounds due to vibrations set up by the 
sudden in and outrusli of blood disappear , the sounds due to the penodic 
sudden tension of the arterial walls persist. 

As we have said before, in an artery plaoed on bone or glass and compressed 
with an armlet (the armlet not embracing pulsing tissues), or with the bag of 
the pocket sphygmometer, the pulse is obhterated by pressures below diastohc 
pressure. 

By the reinforcement of the pulse m the vessels of the tissues which are 
enclosed by the armlet or bag, used in the ordinaiy way, these ontioal 
pressures are successfully passed, and the normal process of arterial defonua* 
tion proceeds at the proper level So accurate systolic blood-pressure 
measurements, both auditory, tactile, and visual, become possible. On this 
mechanism— the conserving effect of the tissue vessels on the pulse — depends 
the accuracy of the auditory method of estimating the diastohc pressuie 
Without this mechanism the diastolic level would be too low. Thus we have 
found It so when the bag of the pocket sphygmometer, or armlet, used so as 
not to embrace pulsing tissues (as descnbed m a prevtons oommumoation, 
loe. eit.) IS apphed to the aberrant radial. But when the armlet is apphed 
round the arm then the diastohc auditory mdez, as heard m the aberrant 
radial, comes much closer to the truth 

It has been noted by MacWilliam and Melvin, and others, that sounds can 
be produced which are audible at the brachial artery at the elbow when finger 
pressure is applied to the brachial artery in the arm Hill, McQueen, and 
Flack (loe. etf.) have shown that finger pressure applied discretely to any 
artery, brachial or radial, deforms the artery in a precisely similar manufn - ^ 
does the bag, or armlet (used with the box so as not to embrace pulnng 
tissues), when applied to the aberrant radial. The pulse is damped out below 
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diastolic pressure Consequently the sounds produced by finger presBure on 
the brachial artery, while they somewhat resemble in quality the normal 
sounds produced by armlet pressure, do not show a perfect similanty to 
these Thus, suppose we obliterate the biachial arteiy with the finger, on 
releasing it gently we hear for a veiy sliort period clear sounds followed by 
murmurs These murmurs ara not lu our experience followed by clear sounds 
and then by dull sounds, as is the case when the armlet embraces the upper 
arm It is obvious that on slightly releasing the occluding pressure the blood 
flows m jets into the artery, which is relaxed below the seat of compression 
Hence the first clear tension sounds When the aitery becomes oval in shape, 
the cleat sounds are dulled by the murmurs When the artery becomes 
circular the ^nilse wave does not suffice to make tense the now patent arteiy 
and produce the dull sounds The huger does not obstruct the peripheral 
outflow and bring into play the reinforcement due to the vessels of the 
tissues 

If we place an armlet distal to the position of the stethoscope, and by the 
pmssure in this armlet obstruct the blood flow, then on compressing the 
brachial artery with the finger, only clear sounds are heard for a short 
period as the artery is compressed and released The murmurs vanish, 
clear soimds take their place, and the range of sounds is short As we have 
pointed out, the whole range of sound is dependent on the resonating effect of 
the vessels lu the tissues surrounding the artery Thu resonating effiset u 
absent when an artery u ducretely occluded by the finger so that surroniiding 
tissues are not included. 

If an armlet is placed on the upper arm and the external pressure raised 
till the clear sounds are produced, just below the systohe level, then if the 
artery be occluded by the finger between the armlet above and the tambour 
of the stethoscope below, all sounds vanish Supposing we place tbe tambour 
under tbe lower part of the armlet, then compression of the artery imme* 
diately distal to the edge of the armlet does not abolish tiie sounds. They 
become clearer, because the energy of the pulse q>end itself on the maaa 
under the armlet , the obstruction farther taght ens up the vibrating drum 

The sounds are abohshed when the finger ooeludes the artery between the 
armlet and tbe tambour, first, because the artery u not distended by the 
systohe phase of the pulse wave , secondly, because the sounds ptodnoed under 
the armlet ore not now conducted by the fluid column of blood iu the artery. 

Suppose we place the stethosoope under the lower part of the armlet, that 
IB just above the occluding finger, then tbe sounds are audible just up to the 
systolic pressure of the blood, , 110 nun. Hg. But if the stethosoope is 
placed exactly under the upper edge of the amlet, sounds ate audible up to, 
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Bsy, 200 mm Hg in the armlet, a pteBsure far above the systohc preasuxe of 
the blood. It is clear that when an armlet is placed on the upper arm and 
the pressure raised above systolic pressure, the systolic wave must meet a 
sudden check at the upper part of the armlet, hence the arteries are here 
made tense and the sounds produced by their sudden tension are heard It 
IB possible under these conditions (MaoWilkam and Melvm*have observed it 
in one case) that the sound, if exceptionally loud, may be conducted by bone 
below the armlet Their case was one of aortic regurgitation in a healthy 
student — a good athlete 


Conebmonit. 

1. In the measurement of arterial pressure by means of the armlet and 
sphygmometer the auditory method gives dear mdices of ^tohe and diastolic 
pressure. 

The auditory indices are (1) loud throbs heard in the artery below the 
armlet when the compression is lowered just below the systohe pressure , 
(2) a sudden diminution in the sounds when the pressure foils just below 
the diastolic pressure. We find that these indices depend on the pulsatile 
flow of blood m and out of the part compressed by the armlet , the artery is 
deformed by the compressive force and its wall swings out and in when the 
pulse wave strikes the deformed part When the flow of blood into the 
limb peripheral to the armlet is obstructed the throb is no longer hemrd, but 
IB replaced by dull sounds caused by tlie pulse striking the tense arterial wall 

2. Dull sounds are heard, under ordmary conditions, when the compression 
IB reduced below the diastoho pressure. Such slight compression gives 
occasion to the pulse to produce the dull sound, by obstructing the venous 
outflow, and thus raising the diastohe pressure in the artenes and the 
tension of their walls. 

3 The bigger the systolic wave the less compression is required to make 
audible the dull sound. 

4. The accuracy of the auditory method depends on the conserving effect 
which the tissue vessels have on the artetial pulse when the arm is com- 
pressed, 

6. The method cannot, therefore, be used to give accurate measurements 
in the case of an artery lying on bone and unsupported by tissue vessds 
such as the aberrant radial or dorsalis pedis 

6. Accurate leadings can be obtained from these arteries where they lie 
embedded in tissues, and the reinforcmg effect of the tissue vessels comes 
into play. 

* 'Blit. ICsd. JouriiH* 1914, A, p. 697. 

2 8 


vou ucxxvni.— >8. 



516 Messrs. M. Flack, L. Hill, and J. MoQueoa. 

7. Clinioians know that the pulse in the radial artery heoomea mote 
forcible when they begin to compress the ann. At the beginning of oom- 
pression of the arm, the armlet, by obstmotmg the venons oatflow and 
making tenser the arteries in diastole, improves the oondnction of the 
systolic wave. The pulse in the radial artery, therefore, beoomes reinforoed. 
The dull sound and the reinforcement of the pulse are due to the same 
causa 

8. Evidence has been obtained then, by experiments on man, of the eflbot 
of increased tension of the arterial wall (lessened lalnhty) on the eondnotion 
of the crest of the systolic wave 

The peripheral conditions affect the labihty and the pressure readmga 


I%e Measurement of Arierval Pressure tn Man. H . — A SohemaUo 

Investigation. 

By Mabtin Flack, Lkokard Hill, FBS, and Jambs McQubbk 
(Beoeived December 3, 1914.) 

(From the Fhynologioal Laboratory, London HoqMtal Medical College (London Hoepital 
Bewaroh Fund^ and the Pathological Isibonitory, Aberdeos TJnivetaity.} 

MacWilliam and Melvin* have demonstrated in the case of the excised 
arteiy— compressed in their schema — that a oompressu^ foroe which was not 
sufficient to obliterate the pulse caused a great fhll in the manometer, which 
they placed distally to the oompression tube To cite an example, the 
entering pressures in the proximal manometers were: eyttolio 178 mm. Hg, 
diastoho 118 mm. Hg. A oompressing force of 140 mm. Hg caused a great fall 
m the distal maaometers~sy8toUo became 42 mm. Hg, diastolio 22 nun. Hg. 
We find that the artery, under these conditions, is flattened during diastide, 
and the inflow dunng systole is not of sufficient duration to mamtain ^e 
distal pressure, supposing the resistance to outilow is undianged. If the 
resistance to outflow is increased, no such distal fall of pressure ooouts. 

Their schema difibrs in essential points freon the conditions which pertain 
to an artery embedded in living tissues and encircled by an armlet. The 
pressure withm the armlet at first does not deform the artery, but expraaoes 
blood from, and increases the peripheral resUtanoe in, the maaa of tissue it 


* •Boart,* vcL 8, p. 1W0914X 
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eooloeeB, by oompressiog the capillaries and obstmeting the pnipheial exits 
It thus oonverts the compressed area into a resonating mass ; the poise is not 
damped down in the labile arteries, bat strikes the blood odiioh fills to 
distension not only the main artery, bat every patent arteriole througfaoat 
the mass, and causes the whole tense mass to vibrate. 

Thus we find in the case of the living subject, ^ the systolic pressore 
be 115 mm. Hg and the armlet pressure be kept at 110 mm. Hg, the 
venous pressure in the limb rises distal to the armlet. If another armlet 
be put below the first, and the fteamae raised within this, the pulse at 
the radial will not be obliterated until die pressure in this annlet reaches 

115 mm Hg If the conditions found in the schema of MacWilham and 
Melvin held good in the arm, a far lower pressure in this lower armlet 
would suffice to obliterate the pulse, for m their schema, under similar 
conditions, the distal manometers show a great dimmution m pressure 
In the case of the arm, as the pressure is raised m the upper armlet 
the venous outflow becomes obstructed, and the pulse then strikes a mass 
of blood congested withm the vessels which permeate the tissues, no 
pressure less than systolic m the lower annlet can prevent the vibration of 
the mass reaching tlie radial artery. It is true that the pulse felt in the 
radial becomes feeble as the pressure is raised in the upper armlet to 
110 mm., but the pressure in the radial does not smk, because the blood still 
flows m and cannot escape from the vema The pulse m the ‘!radial is 
enfeebled by the resistance which arises from the deformation of the 
brachial artery brought about by a pressure in the upper armlet of 110 mm. 
Its force IB partly spent in the labile artery above this armlet. The range of 
pulse pressure below the upper armlet is greatly dimmished too, because the 
diastoUo pressure is raised owing to the venous obstmotion. There is m 
consequence a much smaller swing, but this swing cannot be stopped until 
the pressure in the lower armlet is raised to the full systolic pressure, 

116 nun. Hg 

The &ots we have detailed above show that the simple schema, in which an 
artery is oampressed in a chamber full of water, does not represent the 
conditions which pertain m the arm. 

We have attempted to imitate these ocmditionB in the schema represented 
in fig. 1. 

Two gloss compression chambers are filled with water and connected with 
each other and to a compression bottle. In one is placed a pieoe of human 
carotid artery, in the other a sohematio lepiesentation of the taaroe vessels. 
This consists of a condom (tltin*walled, wide rubber tube) filled to distensiini 
with chopped rubber sponge. The expansion of the condom is limited by 

2 s 2 
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an external coat of mnalin The condom la tied at either end on to a 


thistle funnel , the tube of each funnel 
passes through a rubber cork. The corks 
close the ends of the compression chamber 

A pulsatile flow of water is maintained 
through (A) the artery, (B) the tissue 
schema. The water finally escapes through 
a glass nozzle mto a paiL The resistance 
of the tissue schema is such as to give a 
oontmuous flow from the nozzle, marked at 
each systole by a slight pulsatile increase. 
The pulsatile flow is secured in this wise. 

Water flows throng thd tap through a 
length of rubber tubing to the schema. 
Close to the tap a mercury valve is inserted 
so that the pressure in the tube is kept con- 
stant The rubber tube is pulsed rhythmi- 
cally between two wooden discs (cotton 
reels), one of which is fixed to the support, 
and the other to the piston rod itself, of 
Brodie’s respiration pump At each stroke 
of tb^ pump the tube is compressed and the 
flow interrupted. The rate of the pulse can 
be varied. T-pieces are inserted in the 
schema so that the pulse and pressure can 
be recorded in turn from (i) one compres- 
sion chamber or both chambers, (u) the 
tube connecting artery and tissue schema, 
(iii) the outflow nozzle. An alternative 
pathway is arranged m the compression 
chamber ifrhich contains the artery, so that 
the flow can be directed either through the 
artery or through a piece of rubber tube, 
which acts as a rigid tube Or two pieces 
of artery, one acting as artery and the other 
as vein, oan be placed m this oompresuon 
chamber; the flow is then made to pass 
through (1) the artery, (2) the tissue schema. 
(8) the vein, and so to the outlet nozzle. 
Or the flow oan be made to go throng^ 
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the artery and vein alone, excluding the tiasiie sohema, or throngb the 
artery alone 

For the tissue schema we have substituted a hntnan kidney in some of 
our exponments We finally modified the above schema and made a still 
closer imitation of the conditions which pertam to the oircalation m the 
arm The artery passes through the tissue sohema and la snmmnded by 
It The infiow tube branches and the water flows throngh both the tiasae 
schema and the artery , the outflow tubes from artery and tissue schema 
jom and pass to another length of artery placed in the same compression 
cliamber , this acts as the vein. 

We have used two such complete schemata joined in senes in some of 
our expenments, one representing the upper arm, the other the forearm 
(fig. 2) 

Esape/nment 1 

We first observed the efieot of oironlatmg water through two lengths of 
artery — in place of one — both being placed m the same compres^n 
chamber The water flowed through (1) the first length of arteiy, (2) a 
connecting length of rubber tubing, (3) the second length of artery, and so 
to the outlet (fig 3). 

When the compression chamber was connected with the recording spring 



manometer the record sbowt^ that the maximal pulsation ooouned at a 
lower level when the flow waj through two lengtiis of artery (fig. 4) flian 
when it was through one length (fig. 5). 

Owing to the frictional resistance in the length of tube through which the 
water flowed, the systolic pressure was partly qient m distending the labile 
first length of artery and in overcoming the finotional resistance during 
diastole ; the second piece of artery, in consequence, had the lower dtaeUdlo 
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preanm, and was thus the fint to be defomed and give its mammal swing 
The first length of artery beoame taut, owing to the rise of diastolic pressate. 



Off On 

Fia 4 



Oft On. 

Ffa.B. 

as the seoond length of artety was flattened. Tuudly, the first pieoe of artery 
was deformed by the inorease of oompiessioii and gave its marimal swii^ 
The ezenrsion of this maximal swing, owing to the increased diastolic pressnie, 
was smaller, and the pressure at which it occurred higher, than was the ease 
when this length of artery was compressed by itseli. 
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In one such expenment the following were leoorded: — 


CompretBion 


One length of Krteiy — 
Oom 


16 

46 

86 


It 

It 

ft 


^vro lengths of arteiy— 
0 om 


16 

46 

07 

86 


II 

II 


11 


Deformation 


Nil 

Nil 

Begine to flatten yiiibly in diastole 
Flat in ijstole 

Na 

Second length of artenr begini to deform 
Second lenrth flat in uaetme 
First length of artery flat in diastole 
First len^h of artery flat in systole 


Outflow per minute 


00 

210 

160 

Nil 

188 

186 . 
106 
][>ro|Hi 


In Expenment I the oonditionSi of eourse, are not the same as those which 
pertain in the arm, for in the arm there ifl the capillary field with its resist- 
ance which precludes the pulse from reaching the veins However, the 
expenment shows that the behaviour of the artery is notably influenced by 
the compression of a vessel placed distally to it, and therefore that the study 
of the compression of a length of artery placed m a simple schema does not 
suffice to elucidate the compression of the brachial artery m the arm 
This conclusion is confirmed by Expenment tl. 


IL 

We repeated Expenment I. but recorded the pressure m the tube which 
joined the first and second length of artery. On raising the compression to 
5 om HaO the second length of artery began to flatten in diastole, the first 
length became distended in diastole, and the record then showed a nse in 
pressure A maximal pulse developed as the compression increased. 
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Finally the first length of artery flattened (fig 6, A) On repeating the 
experiment upon the first length of artery by itself we found it began to 
flatten and give a maximal pulse at 38 cm HjO , the pressure then fell in the 
manometer and reached zero as the compression was increased (fig 6, B) 


ExperimerU III 

We varied Experiment I by arrangmg the outlet in a U-tube contaminiK 
mercury, so that the resistance to outflow and diastolic pressure increased 
pan pami with the compression (fig. 7). The diastolic pressure being thus 
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raised jxtnjMusu with the compression, the maximal pulsation appeared just 
hefote the point at which the artery was flattened in qrstole The result 
under these conditions was, of course, the same whether one length or two 
lengths of artery (or artery, tissue schema, and vem) were used Their walls 
were equally stretched and made more and more rigid by the nsmg diastolic 
pressure liiere was thus little loss of systoho force as the pulse passed along 
the tubes. On the other hand, the pulse transmitted to the compression 
chamber and recorded by the manometer became less as the arterial wall 
became more rigid. When the diastolic pressure which pertained m ^ 
schema was over>topped, the length or lengths of artery began to flatten, and 
a maximal pulse resulted 

MaoWilUam and Melvin* conclude from their study of the simple sohmna 
that the diastolic pressure and maximal pulse do not always coincide. 1^ 
our experiments we bring into play the effect on the artery of obstructed 
venous outflow, and find the diastolic pressure and maximal pulse in 
agreement. 


• 'Heart,' voL S, p. 168 (1914). 
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For let OB consider the arm when it is oon^ressed. The vems and 
capillaries under the armlet are first flattened and some are emptied, the 
praemie rises pan jnmcu with the eompiesrioB in all the le m ai ning patent 
blood'vessels enclosed by the armlet. Thu most be so, for their ontlet is 
obstructed In the forearm, periplieral to the armlet, the venous joessute 
will steadily nee, and the veins become more and mote swollen and tense if 
the compression u maintained just below the arterial pressure Under these 
conditions the arterial blood can flow into the forearm, so long as capillary 
fields, hitherto empty, open out and the veins swell, the forearm becoming 
more and more congested 

If a second armlet be put just below the firiit, and the pressure raised 
equally in the two armlets, the conditions are made the same as in tlzpen- 
ment II, in so far as the peripheral resistance in the arm u concerned. But, 
be it noted, as the blood has other arterial pathways qpen to it in the rest of 
the body, the diastolic pressure in the artenes enclosed by the upper armlet 
u not raised nearly up to the systolic pressure. To make the oonditions in 
that the same as in Experiment II, the resutanoe to outflow m all the 
artenes would have to increase part passu with the compression of the arm 

In the case of the vessels enclosed by the lower armlet under these oondi* 
tioQB the diastolic pressure is raised nearly up to the systolic pressure. Now, 
we have determmed ezpenmentally that the reading of systolic pressure 
taken with an armlet round the calf is raised by placing a seixmd armlet 
round the thigh and rauing the pressure therein to, and keeping it at, say, 
50 mm. Hg This correspondingly increases the diastolic pressure in the 
veins and arteries of the leg, and the artenes, being made more rigid thereby, 
conserve better the crest of the systolic wave in its passage from thi^ to 
calf. Similarly, the pulse in the radial artery increases in amplitude at first 
when the compression u raised in an armlet placed round the upper arm, 
because the compression by obstructing the outflow and nutking tenser tiie 
arteries aids the conduction of the systolic wave. 


Eapenmmt IV, 

A single length of artery was compressed and the outflow measured. The 
compression chamber was connected with the manometer When the com- 
pression reached 25 cm. HsO the artery began to flattmi. At 84 om. 
the pulse became maximal, and the water then issued m strong pulses) 
212 0 0 flowed out in one minute. At 47 cm HaO the water issued in shorter 
pulses, for the artery remained deformed fm a longer period during eaoh 
diastole , the outflow was reduced to 166 o c At 70 om HsO the ou^w 
was reduced to feeble spurts synchronous with the systoles , while at 77 cm. 
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HsO the outflow ceased to pulse and was leduoed to fast drops. The aiterjr 
then appeared flattened all along its length, bnt its end proximal to the 
pump was slightly expanded each ctystolic wave At 87 cm. HiO drops 
still escaped from the outflow nozsle 

Experiments on excised arteries have been undertaken* to test the 
correctness of the obliteration method of measuring the systolic blood 
pressure, and the complete cessation of outf ow has been taken as the index 
of obhteration. Wrong conclusions have thus been drawn as to the power of 
the arterial wall to resist compression The disappearance of the pulse at 
the distal end must be taken as the index of obliteration, not the absolute 
cessation of outflow. 

Expentnetd V 

The flow was through (1) a length of artery, (2) tissue schema, (3) a second 
length of artery acting as vein. All these were placed in the same oompTes- 
sion chamber, and this connected to the recording manometer (fig 8). The 
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tissue schema was not tightly packed with chopped sponge, and the pulse 
traveled through it to the vein. 

On compression the vein first flattened and gave a maximal pulsation, 
while the artery became taut, then the tusue schema shrank The outflow at 
riiis period was partly due to the water expelled from it The recorded pulse 
BOW became very small as the whole system (artery, tissue schema, vein) was 
raised up to the diastolic pressure and approximated to a rigid system. 
Unslly, the diastolic pressure was overtopped in the artery, and this gave a 
maximal pulse (fig. 9). 

* Hsmaghsm and Womack, ‘ Bnt Mad. Joam.,’ 1808, B, p 1814. 
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The following were the outflows at each stage * — 


Oompreiiion 

Outflow 

cm 

0 0 poruiiD 

0 

146 

6 

71 

10 
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40 

88 
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00 
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OompTMIlOD 


Vem bennniDg to deform dormg eadi diMtole 
Maximal pulse of Torn 

Tiaaue aobema shrinking Manometer soaroelp 
pulses at aU 

Arterj beginning to deform dunng eaoh diastole 
Maximal pulsation of arteij 


Experiment V elucidates the behaviour of the bram when oompreesed 
When the brain is oompteseed by fluid forced into the sahduxal oavity the 
capillanes, venules, etc , similarly shnnk, Uie pressure rises in these vess^, 
and the whole cerebral vascular system approumates to a ngid system and 
gives a small cerebral pulse Similarly, when the armlet oompresses the 
arm, part of the blood oontained in the tusue vessels is expelled and the 
remaining patent vessels approximate to a rigid system, in which arterial 
pressure pertains and through which a diminished flow cimtinues until these 
are emptied , the arteiy itself is then flattened , that is, when the systolie 
pressure is overtopped. 


In Experiment VI the flow was arranged through the artery and the rissne 
schema placed in separate compression chambers These ohambers wcve 
connected with eaoh other and the manometer (fig. 1). 

A On compression the tissue schema first shrank, then the artery began to 
flatten and the maximal pulse resulted. On deoompreesion the maximal 
pulse was more ample and occurred at a lower level than on oanpwwion 
(fig. 10). 

Like results were obtained when the tusue sohmna was rqdoeed by the 
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Fig 11 
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kidney, the leogth of artery being connected to the renal artery and the teiud 
vein to the ontflow. * 

The oompieesion ohamhers being connected with each other, a part of tiie 
pulsatile force transmitted through the artery to its chamber is ocnv^yed to 
the chamber of the tissoe schema and hdpe to pidse foid cat of UiO tusne 
schema. ' 

When decompression is begun the tissue schema is dhmnken, and it takes 
time to fill out The ontflow is in drops udiile the expsmsmi is going on. 
The pulsatile force transmitted through the artery to its ohamber is now less 
spent on the shrunken schema, for this is a more rigid structure. On the 
other hand, the pulse transmitted directly along the artery to the tissue 
schema spends part of its force in expanding the shmnlmn tisane aehema. 
So long as the tissue soheroa acts as a rigid stmoture and stmes httle of the 
systolic force, the diastoho pressure in tlie artery will fitll to lower level, and, 
in consequenoe, the pulsatile swing will be bigger. 

The recorded pulse is the summaticHi of that from either ohamher, the 
pulse of the artery, and of the tissue schema. 

There is a oertam degree of expansion of the tissue aobema, which favours 
the development of a maximal pulse, the stage when the arterial pulse is 
spent least on, and reinforced most by, the tissue adiema. 

If the oompresnon and decompression be done in stages, and time be 
given between each stage for the tissue schema to shnnlc expend, thoi 
the maximal pulse occurs at the same hei^ <m deoompMBsiott ea on 
oompresnon. 

B The share whioh the tissue schema takes in the phenomena is tibown 
in fig. 11. The artery wee xeidaoed by a rubber tube (rigidX On oom* 
pressimt the tissue sohema tiirank and gave a maximal pul^ On daaom> 
pression the tissoe expanded, and the recorded pulse in this case heeaine 
smaller because the pulsatile force was spent largely on the expention of 
the tissue schema. 

Phenomena of the same order happen when the tissues ef the atm are 
compressed by the armlet, and hence arise thow diffMenoes betwemi eom« 
pression and deoomptesston leadings of systolie pressiire which are eo often 
recorded. 


The flow was tbreugh a lengjih ot artery and the tissoe eehemSi planed m 
senes (fig 1). Seuh was in , a esparate ohiabe^ and thsee wam loiued 
together and to the oomprasilon bottle. The tube esoneeting the Mtory 
and timue scheme was joined to the recording manometer. 
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A. Compiesnon of boiii artery and tiaane Bohema (fig. 12). The preaBute 
first rose and the pnlae amplitude diminiahed owing to the dinnkage of the 
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tissue schema, and the greater resistance tins devdi^ed in it, and higher 
diastolic pressure consequeut in the artery. Then a foil of pressure accom- 
panied by maximal pulses resulted owing to the artery flattening during 
diastole Finally the artery shut up and the pulse ceased to reach the mano- 
meter On takmg off the compression the pressure and outflow did not return 
to their previous amounts until the shrunken tissue schema had expanded. 

B The compression tube leading to the tissue schema chamber was dosed 
On compressing the artery it began to flatten, and gave maxim a l swings, and 
then shut up. No rise of pressure ooonned as in “ A,*’ because the tissue 
schema was not compressed (fig 18). 
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0. The compression tube leading to the artery chamber was closed 
(fig. 14). On oompresdng the tissue schema the pressure rose and the pulse 
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amplitude dimmished ; the tissue schema shrank and beoame mom rigid as 
the resistance to flow was increased. The artery was not itself omapressed 
in this experiment, but acted as a rigid tube m its dosed chamber 

ExperimeiU VIIL 

The flow was through two lengths of artery jomed in series Eadh 
length was placed in a separate compression ohamto. Tubes oonneoted 
the two chambers with each other and with the manometer. 

A The tube leading from the compression chamber of the vein was closed 
The artery alone affected the manometer 
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B Both compression chambers were open, both artery and vem affected 
the manometer 

C. The compression chamber of the artery was closed. The vein alone 
affected the manometer. 

When both chambers were open the pulsatile expansion of the artery 
was transmitted from the arterial to the venous oompresaion chamber, snd 
partly spent itself in pulsmg fluid out of the vem. When the venous 
chamber was closed this no longer occurred, and the vem became a rigid 
tube and no longer stored the systohc force. The diastolki pressure therefore 
fell m the artery, and this gave a bigger swing, whidi aoted with undivided 
force on the recording manometer. The like result w*s obtained when we 
rqllaoed the second length of artery by a kidney, and connected the renal 
vessels, so that the flow went through (1) the length of artery, (2) renal 
artery, (3) renal oapillarte, (4) renal vem The effect was not obtained 
when we substituted a length of robber tube (ngid) for the lei^th of artery. 

In the case of the brain or other encapsulated organ the arterial pulse 
transmitted through ^ substance of the wgan helps to pulse blood out cl 
the venous sinuses. In the case of ^e kidney urine is ponped out the 
oolleotmg tubules as well as Uood out of the renal veins ^ each pulsstfle 
expansion of the orgaua* 
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Ea^enmmt IX 

The following wan an expenment m which the result is to be explained 
on the same lines. 

The flow was through the artery and the tissue schema placed m senes 
and each in a separate compression chamber These chambers were con- 
nected with each other and with the pressure bottle 

The tube connecting the artery with the tissue schema was connected 
with the manometer The compression was raised until the artery flattened 
in diastole and the manometer gave maximal swings * On closii^ the tube 
leading to the compression chamber of the tissue schema the artery flattened 
to a greater extent and the pulse amplitude became diminished (fig 16) 
The explanation is as follows — 

The tissue schema then became a rigid structure and no longer stored the 
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systolic force Therefore the diastolic pressure in the artery diminished 
and the artery was more effectually closed by the oompteasion during 
diastole. The systole in its turn was less effectual m dnving fluid through 
the artery. The systolic force was spent mote on the lability of the artery, 
ue., in opening it out 

Like results were obtained when we substituted the kidney for the tissue 
schema. , 

When the chamber containing the artery was closed in place of th at 
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oontaimng the tisane schema, the results were as follows, when the oompteasioti 
was arranged to produce a maximal pulsation. When the chamber was dosed 
at the moment of diastole the artery became fixed in diastole and remamed 
flat, so that the pulse scarcely came through (fig 17, A) Closing the outlet 
now restored both pressure and pulse, fur as the flow was thus completely 
stopped the artery distended On the other hand, when the chamber was 
closed at the height of systole the artery was fixed fully open and the pulse 
came through, but with a dimunshed diastolic excursion (fig. 17, B) 

* EepcrtmetU X 

The artery and vein were in one compression chamber, the kidney in 
another seiwmte chamber The flow was from artery to kidney to vein. 
The compression chambers were connected with each other and to the 
manometer 

A. The compression chamber of the artery was dosed. On compressing 
the kidney alone the kidney shrank, and the pulse of the renal arteries became 
at first more ample owing to lessened lability of the kidney vessds Finally, 
the outflow almost stopped owing to the resietanoe in the kidney, and the 
renal artery, becoming distended, ceased to pulse. On now compressmg the 
artery and vein in their chamber to a like amount the resietanoe incieased 
in the vein, and the kidney expanded so that the pulse and flow began again. 
It took a much higher degree of compression applied simultaneously to 
artery, kidney, and vein to stop the pulse and flow. 

B The compression chamber of the kidney was closed. The artery and 
vein were compressed alone The vem was flattened and the flow ceased, 
the artery becoming distended, and the systdic force qioat in expanding the 
labile kidney On now compressing the kidney, this organ shrank and 
became less labile (more rigid), and the pulse and flow began again. 

Experment XL 

The flow is through (1) artery, (2) kidney. Each is placed in a, separate 
compression chamber These chambers are connected together. Hie tube 
connecting artery and kidney is joined to the numometer 

A. Hie eomptession is increased in both chambers The kidn^ dndnks, 
the pressure rises, and a maximal pulse of the arteries devel^; ss the 
pressure is made greater the flow and pulse cease. On dnnnmprminn the 
maximal pulse oeeute at a lower level tiien mi compresakm (% Ifl), 

B. The tube leadmg to the compreisioa dirabeT of the ertsxjf la cleasfl 
and the artery thus made rigid. The pulse tmasmitted to the msnnmitsr 
becomes ampler, because it is no longer damped down in ita passage tiiiou|^ 
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the labile artery (fig 19) That this la ao is shown by the fact that a like 
result is obtained when a piece of rubber tube (rigid) is substituted for the 
artery and the compression chamber is left open 

Off On 
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When the kidney is compressed the pressure nses and the pulse recorded 
by the manometer becomes increased still more. The explanation is as 
follows — ■* 

The kidney shnnks and the resistance to the flow through its vessels 
moreases The renal vessels become rigid and no longer store up the systohc 
pressure. The diastolic pressure falls in consequence, and the full swing of 
the pulse is thrown upon the manometer 

liqaerment XII 

The flow was through the two complete schemata placed in senes, and 
each in a aeparate compression chamber (fig 2) The compression chamber 
of schema II was connected to the manometer 
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A The first effect of compressing scitema 1 was to increase the amplitude 
of the pulse in schema II (fig 20) lu this experiment the pulse in 
schema II was largest when the compression in schema I rose to 40 cm HjO. 

On compressing the arm the pulse in the radial at first mcreases in 
amplitude — a fact well known to clinicians The tiaciug in the previous 
paper shows this increase in amplitude as recorded in the radial artery 
Oui explanation of this phenomenon is as follows — 

The first effect of iiioreasiug the compression was fihttening of the venous 
outlet which lay m the first schema. The resistance to outflow was thus 
increased and, in consequence, the diastolic pressure rose and the arteries 
and tissue schemata became more ngid, t e less labile Therefore the pulse 
was less spent on the lability of the artery ui the first schema and reached 
the second schema with greater force On decompression of the first schema 
the pulse reappeared in the second schema at a lower degree of pressure 
than that at which it disappeared on compression of the first schema 
This was only the case, let it be noted, when the decompreasioii was rapid 
(fig. 21) As we have said before, the some phenomena is often observed 
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when the systolic pressure is measured on man. The resppearanoe of the 
pulse generally gives a lower reading than the disappearance On rapid 
decompression the tissue schema I was suddenly made easily extensile and, 
in consequence, the diastolic pressure of the artery fell and its latelity 
increased So, too, lu the case of the arm when the pressure of the armlet u 
reduced The full force of the pulse will not reach the second schema (or 
forearm) until the first schema (or upper arm) is filled and the artery 
rendered tenser If the forearm is previonsly emptied of bleed l;y elevatum 
and bandaging before cominession, it takes mnob longer for ^ pnlae to 
return to its full foroe on decompression — ^the ban^h^ beittg mmovad hetos 
decompression is made. This, too, was the case when the ssoond scdiMBa «aa 
compressed before the first schema was compressed, and the oompsetokMa cf 
the second schema removed just before the decompression of the first wihami^ 
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Not only the tissue schema of the first but that of the second schema has 
then to be expanded and lendered tense before the pulse of the second 
schema becomes restored 

Our experiments demonstrate, then, the important infiuence which the 
tissue vessels have on the conservation of the pulse in the main arteries 

Let us now return for a moment to an expenment we published in a 
previous paper * On fomenting with hot water the lower arm, and icing 
the upper arm, we found the radial pulse was obliterated by a pressure which 
was less when the armlet was applied to the upper ami than when it was 
apphed to the lower arm In the cooled upper arm the tissue vessels and 
vems wore constricted and emptied In the warm lower arm they were 
flushed and filled The compression applied to the latter at once raised the 
diastolic pressure in the arteries, and by increasing their tension, le lessen- 
ing their labihty, improved the oonduction of the crest of the systolic wave 
This was not so m the case of the cold upper arm The pulse was not so 
well conserved by the action of the tissue vessels there, and the brachial 
artery was thus deformed at a lower pressure We see then how potently 
the condition of the peripheral circulation may influence the reading ot 
systolic pressure 

There is an expenment published by MacWilliam, Kesson and Melvin, f 
which, It is claimed, refutes all the proofs we have brought forward as to 
the effect of the lability of artenes on the conduction of the pulse wave. 
These authors figure two lengths of tubing, one rigid tube, the other artery, 
connected by a T-piece to the aorta of a cat They connect first one and 
then the other of these tubes to the manometer, and find the pulse records 
are the same Therefore, say they, the artery is no more labile than the 
rigid tube. 

We would point out that under their conditions the pulse, as recorded, is 
affected by the lability of the artery whichever tube is connected to the 
manometer. To make their experiment adequate they must clip off the 
artery while recording the pulse from the ngid tube The lability of the 
artery comes no less into play when it is connected by one end to the rigid 
tube, as we showed in our previous communication t 

Condimofi. 

1. The simple schema, hitherto used for studying the compression of 
excised artenes, does not reproduce the conditions which pertain when the 
arm is compressed 

* ‘ Roy. Soc, Proa,’ B, voL 87, p. 344 (1914) 
i ‘Heart,’ vol 4, p. 3^ Experiment 7 (1913). 

X ‘B 07 Soa Proa,’ B, vol 86; p 366 (1913). 
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2 A schema has been constructed by ns in which artery, tissue vessels, 
and vein are represented 

3. This schema demonstrateu some of the principles which govern the 
circulation in the brain or other encapsulated organ, and the effect of 
compression upon circulation in such organs 

4* Two such schemata arranged in series imitate the conditions which 
pertain respectively in the arm and forearm, and enable us to deiifonstrate 
the effects of compression, and in particular the conserving effect on the 
pulse of the tissue vessels 

5 The schemata demonstrate and elucidate these well-known clinical facts 
(1) that tlie pulse may reappear on decompression at a lower pr(»S8ure than 
it disappears on compression , ( 2 ) that the radial pulse is reinforced when the 
compressive force applied to the upper arm is below the diastolic pressure 

6 The schema demonstrates (1) that tlie maximal pulse occurs when the 
diastolic pressure is just overtopped by the compressive force, and is a good 
index of jliaBtolio pressure , (2) that the diastplio pressure is raised towards 
the systolic pressure m proportion as the peripheral resistance is increased 
by compression or obstruction of venous outflow, (3) that this rise of 
pressure occurs thiougbout arteries, tissue vessels, and veins , (4) that the 
pulse is damped down by the lability of the vessel wall, and it is owing to 
lability that the pulse on decompression returns at a lower pressure level 
than It disappears on compression. 

7. The explanation of the difference which pertains between the arm and 
leg systolic readings, taken in the horizontal posture, m cases of aortic 
regurgitation, is to be sought m the difference of the lability of the artery 
and the conditions of the peripheral circulation The upjier limb, as a whole, 
18 more labile than the log In the normal person the diffeience of lability 
18 brought out by exercise, which produces a big systolic wave The leg is, 
so to speak, a tighter drum-head, and resiKinds better to the bigger stroke. 

It must always be borne in mind that the support of the column of blood 
in the artery is not only formed by the tissues of the artenal wall, but also 
by the surrounding tissues of the whole limb 
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On the Mechanism, of the Cardiac Valves a Prehmtnarff 
Communicatton 

By A F. Stanlky Kent, MA Oxon., Henry Overton Wills Professor of 
Physiology in the University of Bnstol 

(Communioated by Prof. C S. Sherrington, F B S Beceived February 15, 1915 ) 
(From the Pb^ological Laboratory of the Univeraity of BrutoL) 

[Platk 16 ] 

The account commonly accepted of the manner in which the aunonlo- 
ventncular valves of the mammahan heart are operated rehes chiefly upon 
the action of eddies and currents As the result of recent work it appears 
possible that a muscular mechanism may Ite involved also Such a mechanism 
IS referred to in the following communication 

It consists of a prolongation downwards of the muscular hbres of the 
auricular wall in such a manner as to produce a sheet of longitudinally 
coursing fibres which enter the base of the valve flaps and run a vanable 
distance in their auricular portions * 

The general arrangement may best be gathered from the aooompanymg 
photographs. These, which have been taken from sections of the hearts of 
different animals, show that muscular fibres, ongmating in the aunoular 
wall, sweep down to the valve flaps, which they enter, and become inserted 
into the connective tissue at some distance from the base. 

Tlie passage of this muscle from auncle to valve is uninterrupted, and the 
tissue found in the valve is similar histologically to that found in the auncle 
Moreover, the muscle is present in considerable amount, and may even form 
the greater part of the thickness of the valve It is particularly to be noted 
that the muscular tissue descnbed as running into the valve anses from and 
IS continuous with the muscular wall of the auncle 

A reference to the figures will show that in fig 1, which is taken from 
a section of the heart of a three weeks old rat, the muscular fibres of the 
aunole pass without structural change down to the aunculo-ventncular 
junction, where they come into close relation with the ventncular tissues 
In the neighbourhood of the mass of connective tissue from which the valve 
springs the muscle fibres become arranged parallel to the axis of the valve 

* I would point out that the muscle described in this paper should not be confused 
with the interesting siihincter of unstriped muscle, the existence of which at the 
A-V orifice is mentioned by* Prof Gustav Mann in the lost edition of Quam’s 
* Anatomy ' 
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flap, and then 'run uninterruptedly forward, forming the upper portion of 
the valve for a diatance of about one-half of the total length shown in the 
section For two-thirds of this distance the thickness of the mnsoular 
tissue IS considerable At its lowei extremity the muscle is thinned out and 
appears to be inserted into the connective tissue forming the upper layer of 
the flap 

Between the muscle and the underlying fibrous tissue of the valve is 
a well-marked layer of very loose connective tissuer the presence of which 
would produce the effect of an insertion of the muscle at a considerable 
distance from the base of the flap 

In fig 2, Plate 16, taken from the heart of an adult oat, the auncular 
muscle IS seen to reach the aunculo-ventncular junction, and then to pass on 
as a continuous sheet into the valve, reaching in the figure almost to the 
extremity of the thicker basal part of the flap The muscle fibres are thick 
and robust even at some distance from the base of the valve 

In fig 3, taken from the heart of a child, the auncular mosole. in the 
neighbourhood of the aunculo-ventncular junction, is seen to be arranged 
as a senes of bundles cut across in the specimen, and as some smaller masses 
running towards the point of attachment of the base of the valve The 
muscular fibres enter the valve and run parallel with the axis of the flap 
They pass down for about a quarter of the length of the flap shown in the 
specimen, lying iii the upper portions of its thickness, and finally ending in 
relation with the tissues of its upper lameUa. 

In fig 4, taken from the heart of an adult man, the auncular muscle is 
seen to approach the auriculo-ventncular junction as two sheets, the inner 
having a somewhat circular course, tlie outer having a direction more nearly 
parallel with the axis of the valve segment 

The muscle fibres come to an end m a mass of conneotive tiasue fonning 
the upper part of the segment, the actual point of insertion being at some 
distance from the point of attachment of the valve 

Thus in all the four photographs reproduced the same essential points of 
structure are shown The auricular muscle passes m considerable mass into 
the basal portion of the aunculo-ventncular valve, it takes up a position in 
the auricular part of the segments, and it finally ends by becoming inserted 
into the fibrous connective tissue of the valve substance As might have 
been anticipated both mitral and tncuspid valves show the stmotme 
desonbed 

Muscle in the situation desonbed may well have an important funotion in 
connection with the closure of the auriculo-ventrioular valves. In aooountiQg 
for the closure of these valves, authors have commmily relied upon the floating 
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up of the segments through the action of eddies, and that eddies oan actually 
bnng about an approximation of the valve flaps is mdicated by an experiment 
of Baumgarten,* quoted by Sherrington The quotation is as follows — 

“ If the arterial openmgs of the excised heart be blocked, and through the 
auricles a momentary rush of water under about twelve inches pressure be 
allowed to play into the aoneulo-ventnoular onfiees, the valve flaps rise into 
the orifice, and come together sufliciently firmly to allow of the inversion of 
the heart without the escape of a drop of its contents ” 

Thus eddies or currents may undoubtedly bnng about the prehmmary 
approximation of the valve flaps under certain circumstances 

The course of events in the normal heart is probably somewhat as follows — 
Immediately before the moment at which the valve is timed to close, its 
flaps are bemg acted upon by certain forces tending in different directions 
One of these forces is the stream of blood dnven from the auncle, which 
presses the flaps outwards Another is the eddy behind them, between them 
and the ventricular wall, which presses them inwards. 

To this latter must now be added the effect of the muscular shps desonbed 
as existing in the bases of the valves, which tend to raise the flaps away from 
the ventricular wall, and towards the positiou of closure The actual position 
of the flaps at auy given moment will be determined by the combmed effect 
of these forces. 

As the stream of blood driven from the auncle weakens towards the close 
of aunoular qrstole, the retrovalvular eddy, though possibly also somewhat 
weakened on account of the lessened stream of blood, will have less to 
antagonise it. It will therefore become relatively more effective With 
regard to the muscular action, the contraction of the auricle will have 
commenced to die away in the upper parts It will still be present in full 
force in the lower parts of the auricular wall, and also in the slips of muscle 
entering the valvee. That is to say, the muscular contraction will die away 
and be replaced by a condition of relaxation latest in this situation. 

As a result, the flaps will continue to be drawn up by the muscular shps 
quite to the end of aunoular systole, and this will not only have a direct 
effect in closing the valve at exactly the appropriate instant, but will also 
ensure free play to the retrovalvular eddy up to the tune when Uie valve 
closure begins to be finally accomplished. 

At the end of auricular systole, therefore, the forces tending to keep the 
flaps apart will have become weakened, the forces tending to iqi^oximate 

« Baumgarten, ’Arohiv f Anat. und PhyaioL/ 1843, p 484. Quoted in dilToid 
ASbutt'a *^ystem of MedioiiM,* vol 6 (1900). By G. S. Shemugton Bevieed by 
Jamee Maoltenrie. 
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them will etill be active. The result is that closure finally occurs, and is 
rendered absolute by the rapidly increasing pressure of blood in the ventricle 
which now commences to contract 

The function of the muscular slips now described may perhaps be regarded 
as a double one, (a) to keep the flaps away from the heart walls, and thus 
to ensure the provision of an adequate space between the flap and the 
ventricular wall for the full development of the jretrovalvular eddy, and 
(i) to afford by its contraction actual mechanical assistance to the raising 
of the flaps into the position of final closure 

It IS obvious that the anatomical arrangement is admirably adapted to the 
carrying out of these functions Placed at the base of the auricle and 
denving its stimulus thence, the muscle m the valves will contract, and 
will relax, last of all the auncular tissue, and thus ensure, not only that the 
mechanical assistance referred to under (b) shall become available at the 
proper moment, but also that the work of the eddy shall be assisted up 
to the very moment of final closure of the valve. 

There are other points of interest connected with the presence of muscular 
tissue in the segments of the aunculo-ventrioular valves which it is not 
proposed to deal with m the present commumcation 

I wish to record my indebtedness to Mr. B, B. Bntton for permission to 
make use of the specimen from which fig 1 was prepared. 

The above research has been assisted by grants from the Government Qxuit 
Committee of the Boyal Society, from the Besearch Fund of the University 
Colston Society, and from the British Association for the Advancement of 
Science 


DESCRIPTION OP FIGURES. 

Fig 1 — Heart 141S04 (Bntton) Rat, 3 weeks old. Slide 63, Section 3. x 20. Tri* 
cuspid Valve 

The auncular musole is seen to sweep unuterruptedly mto the basal part of 
the valve flap, of which it forms the upper portion , it u inserted hyto the 
connective tissue substance at the junction of the basal and middle thfads cl the 
flap as seen in die figure 

Fig. 2.— Heart 130814. Slide 262, Section 2 Gat, adult* Tricuspid Valve x HO 

The auricular muscle passes without change into the valvO) of the Uusknees of 
which it fonns a considerable part The muscle fibres are ntuated towards the 
auricular surface of the flap, lying beneath the endocardium. 

A contraction of this musole would lead to a powerful raising of the valve 
segment 
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« 

Fig. 3 — ^Heart 130528 A. Child, 3 days Slide 293 Tnouspid Valve x 89 

The aunoular musde paeaea into the bane of the valve, of whioh it fornui about 
one^half the thickness It passes for some distance along beneath the aurioulai 
eudocardinm, and is finally inserted into the connective tissue of the valve 
Fig 4-^Heart 120214 C Man, adult Senes G, Slide 132 Mitial Valve x 7 5 

In this specimen the auricular muscle runs a short distance only into the base 
of the valve Its contraotiou would, however, be quite efficient in taisuig the 
dap, owing to the illative positions of the muscle and the i)oiui of attachment of 
the base of the valve 

In all the figures M indicates muscle, CT indicates connective tissue 


The Effect of Functional Actimty upon the Metaboltsm, 
Blood-Jlow, and Exudation tn Organs. 

By J. Bakoroft, F K S , and Toyojibo Kato 

(Beceived Febnuuy 18, 1915 } 

1 StncUed Mtude 

The animala used were dogs ACE mixture used at first, urethane 
throughout. Two preparations have been used (a) the gastrocnemius 
preparation as described by yerz4r('>, (b) the antenor belly of the diogastrio 
In each of four experiments the veins were dissected out which lead from the 
oigan to some adjacent vein of considerable size — the femoral or the jugular 
All the other confluents to this vein were tied off, and a pipette inserted 
through one of these into the great vein. This was clamped proximally, and 
the blood from the muscle, and it only, was thus secured 

By meBsunng its rate of flow, and by comparing it with arteoal blood m 
respect (1) of its oxygen content, and (2) Us htsmoglobm valued, data were 
obtained of {a) the oxygen used by the muscle <*>, (5) the rate of flow, and (e) 
the exudation of fluid from the blood vessels 

In two experiments the nerve was out, m two it was not The following 
data were furnished by an expenment on the gastrocnemius, in which this 
nerve was cut two lionrs before its stimulation. It was stimulated by a 
facadio current, of a duration of about 0*2 second, every second for 
15 minutes. 
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Mesars. J. Barcrofib and T. Kato. 


Time 

Bate of blood flow m 
CO per min 

Oxygen per grm. 
per min. 

Bxndlation in e.e. 
permin. 

Before oommenoement of 
ituuulAtion — 

10 mm. 

4 6 

0*0062 

006 

BurioK ealou* 

lated from oommenoe- 
ment — 

8 min 

0-7 

o-crte 

0 17 

16 mm 

80 

0*04 

0 88 

After etimuUtoon, oalou 
lated from oesMlaon of 
•timnltti — 

16 min 

20 

0*012 

0 28 

46 min 

82 

0*027 

0 61 

1 hr 40 mm 

80 

0 012 

0 16 

2 hr 26 mm 

20 

0 018 

— 

8 hr 80 mm. 

17 

0 012 

008 

4 hr 47 mm 

16 

0 004 

(0*02) 

6 hr 0 min 

16 

0 002 

(0*00) 

7 hr 46 mm 

8 5 

0004 

0 07 


Figures io bmo^eti are mside the range of espenmeiital error 


In order to ascertain how much of the observed exudation was retained 
in the muscle, the muscle was weighed at the emd of the experiment^ t e,, 
8 h. 16 m after the stimulus ceased The muscle on the opposite side was 
also weighed, its nerve having been out 8 b 30 m previouBlj. 

gnn. 

(A) Weight of stimulated muscle 38*2 

(B) „ unstimulated mnsole .. . 31*0 

Approximate quantity of fluid retamed 6 2 or 19 p.e. of (B). 

The muscles were also weighed m Bulger's solution, with the result that 
then specific gravities relatively to Binger's solution were — 

(A) Sp gr. of stimulated muscle 1*001 

* (B) „ unstimulated musde 1070 

This difference in the specific gravity makes it elear that the difBnenoe in 
weight of the stimulated muscle was not to be accounted for a differenoe 
in the original size of the stimulated muscle or a greater quanti^ of 
blood in It. 

The observations on exudation, oxygen intake, and Uood axe Epical of 
other experiments, except in so far as the effects do not always last so long, 
the minimal period of hypensmta being two hours. 

•> 

11 The SuimaaiUarif GhuuL 

In most experiments pilocarpine has bem used as a 
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The following data are those of a tTpioal experiment 


Tuda 

1186 

1166 

186 

12 80 

10 

180 

8X0 

8 to 

488 

682 

Blood, flow 0 0 

2 a 

10 

4 6 

fl 7 

6 

e 

4*8 

3 7 

8 4 

a 3 

mm 

Og u 00 per 

0 87 

0 66 

0 47 


0 46 

0 64 


0 34 

0 89 

0*28 

min* 

Total exuda- 

0 

2 6 

1 12 

0*68 


0 *418 i 

0 04 

0 26 

0*23 

0*18 

tion in 0 0 







1 




per mm 1 

SeuTa in 0 0 

0 

1 87 

0*68 

0*68 

0 80 

0*86 ^ 

i 

0 82 

1 

0 21 

0 19 

0*09 

per mm 
Lymph, etc , in 

0 

1 28 

0 44 

0 

0*01 


O'Oaa 

0-040 


- 0*087 

oc pvmin. 


1 

i 

1 





t 





The following points are important — 

(1) The lymph, roughly speaking, vanes with the quantity of saliva 
secreted 

(2) Belatively to the rate of flow of sahva the increased oxygen consump- 
tion and flow of blood rise for 2-3 houia. 
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Functional CEdema in Fro^s Muacle. 

By M. Back, K. M Gooak, and A. E Towbbs. 

(Communicated by J Barcroft, F.B S Beoeived Februaiy 18, 1915.) 

The following expenmente resulted from an observation that after 
stimulation of the gastroonemins muscle on one 'side that muscle was 
heavier by about 20 mgrm than the muscle of the opposite side. 

Senes 1 — To ascertain whether the above phenomenon was of constant 
occurrence eleven experiments were jierformed m this senes, together with 
four control experiments 

Met?u)d , — The frogs were pithed, the brain and spinal cord both being 
destroyed. Electrodes were attached to the tendo Aeluttts and under the 
nerve as it entered the muscle. Care was taken to avoid hsemorrhage as 
much as possible, but we were not always successful in this 

The preparation was stimulated by single induction shocks at the rate 
of 40 per minute for 15 minutes The rnuades from the two legs were 
then dissected out and weighed, usually within 15 mmutes of the end of 
the period of stimulation. 

The nght and left legs were used indisonminately. 

The following results were obtained — 


Weight of mxiicle. 

Bxoen of ^weight of stimulated 
muflole 

Oaw of imght per cent hgf 
itimttlated muiele 
e 

mam 

409 

m^rm 

1-7 

814 

-6 *6 

-9-9 

100 

11 

8*0 

104 

12 

0*0 

906 

9*6 

1:9 

986 

-8 6 

-1 1 

900 

8 7 

1*7 

900 

0 5 

8*8 

988 

7-9 

9*0 

908 

28 

9*9 

886 

-8 6 

-1 1 


Of these, the stimulated muscle iigpw the heavier in eight cases and tiie 
lij^ter in three, and in these three the disparity was trifling as iwnipayfd 
with many of the oases in which the stimulated muscle was tlm lieevier. 

The following oases are given for oompansmi in which neither mnsole was 
stimulated 
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lieft muiele* 

Bight muiole 

BiAforence 

Zhiferenoa per cent 

nsm 

m 6 

mgrm 

241 

mgnn 

2 6 I 

1 6 

6 

159 

8 6 

6 7 

156 

152 5 

-8 6» 

2 2 

247 

211 

-7 

2 4 

1 


* Minui Mgn meMM that left is hearler 


Inspection of the muscle made it clear that those in which we obtamed a 
considerable gam in weight were as a rule muscles m which the circulation 
was good, whilst in some of the others the cironlation was obviously deficient , 
we therefore determined to modify our techmque by kilhng the frogs m a 
different way 

Sents 2 — The brain, in front of the medulla, was destroyed by means of a 
special instrument for this purpose, the medulla and the upper part of the 
spinal cord were left uninjured, but the lower portion of the cord was pithed 
in order to prevent the possibility of contractions being mduced reflexly in 
the unstimulated gastrocnemius 

The circulation was clearly much more satisfactory in this senes, the 
respiration in most oases being well mamtained and the frogs appeanng to 
recover rapidly from the shock. 

The following controls were obtained m which neither muscle was 
stimulated — 


]>ft lAuiele, 

Bight ttuiole. 

PiffereDoe, 

IlifTerenoe per oeni. 

nmn. 

840*6 

xngnn 

840 6 


0 

146 

147 6 

1 6 

1-0 

116 4 

116 


1 8 


Whilst in the e^riments in which one side was stimulated the results were 
as follows 


Weight of mwle. 

Eseesi of weight in nimulated 
Mde 

t 

Oein ol wttght per oent 

ngm. 


6*1 

846 


2*8 

219*6 

18<2 

7*6 

810 

19 8 

6*1 

427 

8 

0*7 
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Senes 8. — The comparison of those results with the controls left no donbt 
in our minds that the stimulated muscles really did gam in weight. In order 
to test the matter in another way we determined the speoifio gravities of the 
stimulated and unstimulated muscles by weighing them in Binger^s solution. 
Our argument was that if the muscles merely differed aocidentally in sue, 
their specific gravities would be the same Even if the differenoe in size was 
due to a greater amount of blood m the stimulated muscle, the specific 
gravities would be much the same on account of *the relatively high specific 
gravity of blood If, on the other hand, the difiference in weight was due 
to the stimulated muscles takmg up water from the blood as an osmotie 
phenomenon, the heavier muscles should have the lower specific gravity 


Arenge weight of 

Bxoeee of atimulAted 

Speoiflc gravity of 

Bpeoifio gnvill of 

XDueole 

muBcle 

itimulatad mu^e 

unetimulated nLueole. 

mgnn 

102 

mgriii 

87*0 

1 oai 

1-078 

267 

25*0 


lOTS 

286 

7 fl 

1-076 

1 078 

287 

8 2 

1*066 

i-oee 

828 

28 4 

1 070 

i-oea 


With the exception of the fifth, the differences m spemflo gravity bear out 
our contention. To these we may add some data firom muscles which were 
tested at longer intervals of time after stimulation 


Avefage wd^t of 
muiole 

Sxoeu ol etliiiaUted 
muMle 

BpeoiBo gmTity of 
etunalatSd muiole 

Spaoiflo gmTity of 

in^^lss ‘ 

sTs 

]n||prin« 

1*060 

lOTS 

456 4 

6*8 

1*060 

l-OTt 

281*6 

6*1 

1*067 

1-OSS 

8M 6 

14 4 

1*068 

1-071 

827 4 

27*6 

1*078 ' 

1*087 


Series 4. — In all the above experiments the shocks passed throuc^ the 
muscle, in order to exclude the possibihiy of some direct eleotiioal eifeot on 
the blood vessels or on the muscular tissue, we performed another series of 
experiments in which the firogs were killed as before, by destruction of the 
cerebrum and basal ganglia, but the spinal cord was not pidied. Tlie two 
soiatio nervea were dissected out in the thigh and were cut, one was ligatarad 
and stimulated. Thu teohmque appeared very satisfactory, the dinetmthm of 
the nerves entailmg less bleeding than the pithing of the lower part <4 -the 
cord 
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Wolght of muiole 

Kxoeii of weight of tfeimuletied | 
muide 1 

Qeiu of weight per ee&t bj 
stimulated mueele 


--- J 


lugm 

8ro <1 

mgrm , ; 

12 1 

8 5 

189*6 

18*6 

9*7 

Z64*0 

1 

80 5 

12*0 


The speoifio gravities were deteroiined in two oases — 


Average weight of 

Kxoess of stimulated 

Speoifio giwvity of 

Specific gravitj of 

muscle 

muscle 

stimnlatM musole* 

awiitininlaled nniiole. 

mgrm 

mgrm 

1 


370*0 

12 1 

' 1 064 

1-060 

189 6 

18 6 

1 i-ore 

1 072 


Sena 5 — We have made some experiments, as yet incomplete, to deter- 
mme the length of time which elapses before the ordenia passes away ^t 
present we can say that it is evident after six hours from stimulation, but 
the fluid appears to have become absorbed in 16 hours , between these wide 
limits we have no data at present — 


Weight of musolo 

1 Excess of weight of 
stimulated side 

0ain of weight per 
ceut 

Interval aftei 
stimulation 

1 

mgrm 

1 mgrm 


1 ^ 

m 

264 

80 6 

12 


80 

267 

26 

10 

! 

46 

870 

12 1 

8 3 


60 

198 

87 

19 

1 

80 

285 

7*6 i 

8 2 

1 

40 

189 S 

18 6 

9*7 

2 

0 

822*6 ! 

28 4 

9*2 

2 

0 

287 

3 2 

1 4 

2 

20 

488 1 

7 2 

1*6 

8 

10 

466 4 ! 

6 8 

1 8 

4 

80 

281 6 

0 1 

8 2 

6 

0 

894 6 

14 4 

8 6 1 

6 

16 

827 4 

27 6 

12 

6 

0 

276 

-17 

-6 2 

16 

46 

136 6 

- 1 8 

-1 8 

17 

0 


Dvuvaton qf JtuuUe , — It is cleai that the phenomenon which we have 
observed can only tako place when the muscle is well suppked with fluid 
from some external source. Fletcher* observed a phenomenon whioli is 

ft ' Joura. Physiol.,’ voL 80, p. 414 (1804). Ihs reader u referred to this paper for an 
exMUeat aooouat of the titenSure of the subject, including the fuely expe^ents of 
Bsake. 

TOL. UOXTin -—B, 2 U 
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Messrs. J F. Twort and L Hill Pulmonary 

probably the Baiue when ho discovered that fatigned frog's mnacle swells up 
when placed in watei, to a much greater extent than resting musole He 
observed also that sufficient exposure to an atmosphere of oxygen restores to 
the muscle in a marked degree the osmotic character of resting musole It 
might, therefore, have been supposed that a vigorous circulation of blood 
through the muscle would have prevented the swelling which we have 
observed The fact, however, appears to be that muscle is capable of out- 
running its oxygen supply with great ease, and this is probably especially 
true of frog’s muscle, in which the opportuniUes afiorded for the acquisition 
of oxygen are much smaller than hi the case of mammalian muscle 

In comparing our result with that of Fletcher, it must be borne in mind 
that hiB phenomenon was probably a purely osmotic one , ours may involve, 
or may not, also some change in the permeability of the vessel walls 


fhe Effect of the Depth of Pvlrmmorry VentiUUion on the Oxygen 
tn the Venous Blood of Man 
By J F Twobt and Lbonabo Hill, FBS 

(From the Phymological Laboratory, London Hospital Medical CSoIlege, and 

Research Fond.) 

(Beceived January 21, 1915 ) 

We have sought to gam evidence as to whether the arterial blood is 
saturated with oxygen dunng its passage through the lungs when the 
breathing is shallow and the subject lying at rest. Incidentally we have 
made some observations on — (1) The effect of work (2) The local apphoa- 
tion of heat or cold on the gases in the venous blood. 

As means have not been devised for obtammg safely samples of normal 
artenal blood from man, we have been obliged to content ourselves with 
samples of venous blood collected from the veins of the arm. 

The samples have been collected for us with strict aseptic precautions by 
Dr James Mointosb, and in some oases by I>r Paul Fildes Their daily 
practice in collecting blood samples from patients has made our colleagues 
skilful in the technique of this small operation We owe tiiem our best 
thanks for their help. 

Neither ligature nor compression was applied to the arm. The needle of 
the syringe was passed straight into the vem , the arm of the sul^eot Mrted 
upon the couch and remained coveted with the sleeve until l3ie moment of 
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collection , 0*1 c c of l-per-oent sodium citrate solution having been placed 
in the syringe to prevent clotting, the blood was drawn up exactly to the 
1 cc mark The analyses were made by means of the small Baroroft 
apparatus — the oxygen being displaced by femcyauide 

The subject rested for some minutes on the couch, and at the time of 
collection of the blood breathed through a meter so that ventilation of the 
lungs was recorde<l A mouthpiece was employed fitted with wide tubes 
and mica inlet and outlet valves The nose was closed with a clip One 
sample was collected while the subject breathed quietly, and another from 
the same, or the other arm, while he breathed forcibly. In the experiments 
in which oxygim was breathed the subject inhaled fi*om a large bag filled 
with oxygen and exhaled through the meter 
Double samples taken as contiols under the same conditions gave us 
leaults which agreed within fairly close limits For example — 

11 4 per cent , right arm ,12 0 per cent , left arm 
Table I — Cubic Centimetres of Oxygen per 100 cc of Blood 


1 

I Roiting I Working 


Bubjeefc 

Breathing 

air 

quietlj 

Braathuig 

oxygen 

quietly 

Breathing 

air 

forcibly 

Breathing 

oxygen 

forcibly 

Breathing 

air 

quietly 

Breathing 

oxjrgen 

quietly 

1 

12 1» 

8 6 

, 


6 6 

6 8 

2 

6-0 

9 5 

- 

- 


8 2 

8 

7 6 

0 7 

— 

— 

6 8 

9 2 

4 

18 7 

18 8 

_ 

— 

7 0 

6 8 

6 

2 0 

6 0 

— 


2 8 

4 7 

6 

14 0 

14 6 

— 

— 

8 2 

7 8 

7 

10 4 

8 6 


— 

8 3 

1 6 

8 

8 8 

— 



0 6 


9 

11 4 


— 

— 

— 

— 


]8 0 

— 

— 


— 

— 

10 

4 5 

11 1 

— 

— 

— 

__ 

11 

6 3 

— 

18 0 

— 

— 

— 

18 

7 4 1 


14 6 

1 



' 18 

7 6 1 

1 — 

14 6 

1 — 

- 

— 


— 1 

18*7 

— 

14 6 

— 


1 16 

— 

18 2 


1 18 8 

— 


10 

— 

12 4 


12 2 

— 

— 

i 


8 8 

— 

1 9 2 

— 


! 18 : 

8 8 

7 9 

— 


- 

— 

1 18 1 

— 

16 7 

11-6 

— 

— 

— . 

' 20 


f 10 9 

15 2 

1 — 

— 

— 

21 1 

18 4 

16-6 


1 

— 


22 

9 1 

18 4 

— 1 

1 — 

— 

— 

28 

4^ 

7 0 

— 

1 




24 

14 1 

16 4 

_■ i 

I 

— 


25 

16*0 

17'9 

— 




26 

8*6 

9 4 

^ 1 

1 — 


— 

97 

10 8 

12 6 

j 

i 


— 


2 u 2 
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CoDBidering the alight physiological differences which may arise, tg ^ from 
posliiie, exposure to cold during the collection of samples, etc, we cannot 
expect to get closer results To carry out work the Bul))ect grasped a spring 
ergograph and squeezed it 20 times a nunute , the sample was collected 
immediately at the end of two minutes penod oi work. 

The average of 22 analyses taken when resting and breathing atr quietly 
18 9 5 per cent, breathing oxygen quietly 118 per cent 
The average of analyses when working ami breathing air quietly is 
5 7 per cent , while that when working and breathing oxygen quietly 
IS 5 b cent The conesponding resting analyses in the same subjects 
gave 9 4 per cent when breathing air quietly, 10 0 per cent when breathing 
oxygen quietly 

Table II — Effect of Warming One Ami 


Subject 


Arm not warmed 


Arm warmed with bath 


KemarkH 


1 

X 

3 

4 
6 
0 


iier cent. 
9 4 
4 8 
10 0 
JO a 
18 6 
15 2 


per cent 
14 8 

11 7 
11 6 

12 2 
14 2 
20 4 


Air (juietlt breathed 


Oxygen quietlj breathed 
Air forcibly breatlied 
Oxygen breathed quietly 


1 


Tilt) avoiuge of the mx expeiiments is 103 pei cent foi the unwarmed 
HTid !•’> 5 per cent foi the wanned ann 


Table III — Kifeot ol Forcibly Breathing Air oi Oxygen 


Subject 

1 

1 Forcible breathing oir 

1 Forciblv breathing oxygen 

1 

per oent 

per cent 

14 2 

14 8 

2 

IL 3 

11 8 

8 

13 6 

, 13 1 

4 

12 0 

12 4 

6 

9 2 

' 0 8 

6 

17 1 

16 8 

7 

" 14 1 

14 1 

8 

14 2 

Ifl-O 

9 

11 6 

- 

10 

15 2 


IJ 

18 0 

• 

12 

14 0 

— 

18 

* 14 6 

1 


The average of 13 analyses of samples taken when forcibly breathing air 
18 13 5 per cent , and of eight breathing oxygen forcibly 13*6 per oent 
To sum up, then, the average results of tlra analyses are ■ — 
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No of 
anihlyaet 


C^uhic Ceninuotres Oxygen 


> 22 
22 
7 

7 
H 

ti 

8 
13 

8 


0 6 resting, breathing air quietly 
118 resting, breathing oxygen quietly 
A 7 working, breathing atr quietly 
5 6 working, breathing oxygen quietlv 
' 7 *0 reshng, breathing air quietly, arm not warmed 

. 12 7 reeting, breathing air quietly, arm warmed (to produce yaio dilatation) 

12 7 resting, breathing oxygen qiuetly (2V air forcibly (1) , arm not warmed 

14 2 resting, broatiung oxygen quietly (2;, air forcibly (1) ; arm warmed 

I 13 5 resting, breathing air foroiblr 

' 13 fl resting, breathing ox vgen forcibly 


Our subjects wore medical studeuts and labomtory servants Some uf them, 
when lying on the couch and breathing quietly, gave us low, and some high 
readings The difference is an individual one, and cannot be ascribed to enora 
in technique, for he who gives a low reading when resting gives a low reading 
when workmg Moreover the deep bieathing readings are uniformly high 
Some of unr subjects were emotionally affected by the operative piocedurc 
and breathed about 10 litres a minute, while others breathed only 5-6 litres, 
while resting on the couch. We cannot, however, asonbe the higher reading 
in all cases to the ampler breathing All we can attirm is that quiet 
breathing gives us a certain pioportion of low readings in the given niunlier 
of subjects, while deep breathing gives us uniformly high readings 

Looking at the diftbreuce between the average figures for resting and 
breathing air quietly and breathing oxygen quietly it might be assumed that 
this was due to the oxygen simply dissolved in the blood according to 
the law of partial pressures If pure oxygen were breathed wo might 
expect a little over 2 per cent Oa to be simply dissolved, and the tissues, 
using this oxygen first, would dissociate the htemoglobin less by the same 
amount 

The subjects wera breathing not 100 per cent but about 80 per cent of 
oxygen, so the amount simply dissolved would not be quite as much as 
2 per cent When, however, we compare the figuiee obtained dunng 
forcible breathing of air or oxygen, we see no evidence of any excess of 
oxygen due to simple solution under the increased partial pressure of 
this gas 

Similarly lu a veiy careful aeries of analyses of cat’s blood recorded by 
Buokmaster and Clardner and obtained by means of the Topler pump we see 
no evidence of any increase in oxygen of the artenal blood due to the 
breathing of oxygen in place of sir. The average of 13 analyses, the oats 
breathing air, was 14 2 per cent , breathing oxygen 14*9 per omt 
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The theoretical oxygen oapaoity determined from the htemoglobin value 
was about 17 per cent These authors say — 

" From the experiments it is a fair conclusion that during its passage 
through the pulmonary capillaries the blood is rarely fully saturated with 
oxygen even when oxygen is inhaled For an explanation, it is probable that 
parts of the lung, for example the apices, are imperfectly ventilated, and 
also, Binoe the circulation time in the lung is only about five or six seconds, 
that complete equilibrium is not attained between thelblood and alveolar air 
We know that anything over 75 percent of an atmosphere of oxygen when 
continuously breathed produces pneumonia, uud that exposure to two or three 
atmospheres of oxygen causes convulsious A high partial pressure and 
concentration of oxygen on the blood acts as a poison It may be that there 
is at work some mechanism which prevents, within certain limits of oxygen 
partial pressure, the over-ooncontration of free oxygen in the blood, and 
therefore we find no more oxygen m the venous blood on forcibly breathing 
air than on forcibly breathing oxygen 

Our figures show that forcible breathing of air, or oxygen, eipially and 
notably increases the oxygen in the venous blood above the average result 
obtained when breathing air qmotly We cannot ascribe this result to vaso- 
dilatation and accelerated flow through the arm produced by the forced 
breathing, for G N* Stewart has shown that forcible breathing dimmishes the 
velocity of flow in the hand by about 40 per centj- Forcible bi'eathmg 
mechanically interferes with the circulation and the hand tends to become pale 
and cold when such is continued 

We conclude that the arterial blood is not always saturated with oxygen 
dunng the passage through the lungs when the breathing is quiet Some 
parts of the lung may remain unexpanded, and the blood passing through 
these parts is not oxygenated Forcible breathing ensures the expansion of 
all ^mrts and the better saturation of the arterial blood In one case 
Caske and Baroroftt obtained a sample of arterial blood and found it 94 per 
cent saturated with oxygen The sample was obtained from a young woman 
acting as donor in a direc^ transfusion of blood Her artery was opened 
under local anaesthesia* The emotional conditions probably ensured in her a 
good pulmonary ventilation. 

If It be tnie that the person engaged in sedentary occupation does not 
expand the lungs sufficiently to arteriahse the blood in all their ports, this 

♦ *Roy Soc Proc/B^vol 86, p 66 (ISIS) 

+ ‘Amet Journ Fhysiol/vol 28, p 190(1911). 
t ^Proc. Phynol, Boa,’ ' Journ PhysioL,’ 47, p* xxxv (1914) 
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mej be a ooatnbutory oaune of a lesnened immunity to the otganiam of 
diaeaae sudh as phthisis. 

Our lesults too confirm the need for caisson workers not to rest during 
decompression but to take exercise and to breathe deeply so as to secure the 
escape of nitrogen, which has been dissolved in their body flmd during dieir 
work in compressed air 


On the Occurrence of an Intracranial Ganglion upon the Oculo- 
motor Nerve in Soyllium camoula, with a Suggestion tu to 
Its Bearing upon the Question of the Segmental Value of 
Certain of the Cranial Nerves. 

By Gko E Nioholls, D Sc , Beit Memorial Fellow (Zoological Department, 

King’s College, London) 

(Communicated by Prof A Dendy, F B.S Beceived January 21, — ^Revised 

March 1, 121S ) 

During the study of a number of elasmobranoh brains made in connection 
with my work on Beissner’s fibre, I noticed, in a specimen of SeyUivm 
eanu/vda, a collection of ganglion cells upon a length of nerve lying freely 
beneath the mid-braui This particular bram had been sectioned in the 
longitudinal vertical plane and the ganglionic mass occurred at a place which 
corresponded with the level of the third cranial nerve Further examination 
showed that these cells were undoubtedly related to the oculomotor nerve 
They are situated u{)ou it in a scattered group which, beginning at e point 
about 1 4 mm. from the superficial origin of the nerve, stretches to its severed 
end (roughly 1 6 mm. from its origin). The cells, though only about 15 in 
number, an moderately large (averaging 20/axl8/») and are apparently 
unipolar or bipolar Thejir distribution suggested that other cells of the 
group must have existed distally to the pomt of severance of the nerve. 

Upon the opposite side of the brain the ootresponding nerve had been cut 
away quite olose to its superfieial ongin, when tibe brain was removed from 
the cranium. 

A second speoiinen of 8 eameslu in which some % mm. of the third nerve 
had been left attached to the bram, on dther aide, showed the gonghnn 
on both nerves. 



554 Dr. G. E. NichoUs. Intrctcrantal Grons^icn v/pon, tAe 

This Bp6ciin6u had been sieotioned in the tmnsvene plane and u the one 
from which the text-figure has been drawn The cells are seen on either ride, 



Lower port of a Transverse Section through the Brrio of Siyttimn eatueula, taken at the 
level of the origin of the oculomotor nerves, and showing some of the ganghon celh 
slightly diagrammatically 

(Outline with camera lucida x 14 approx) 

at about the same distance from the superficial origin of the nerve, m a group 
extending between points roughly 1 6 mm and 2 mm from that ongin. On 
the one side some 50 odd ganglion cells were counted, while upon the oppoaite 
side there were about 70< The exact numbers cannot be certainly stated, for 
It is probable that in some cases a cell may have been reckoned twice, appear- 
ing, as they do, each in several adjacent sections. They were accompanied by 
smaller cells, the nuclei of which stained much more deeply, the whole forming 
a quite obvious ganghon. 

My remammg senes of 8 eanteula brains, in every case, showed the third 
nerves out at a point nearer to the brain than that at which the ganglia might 
be expected. 

Another senes, therefore, was cut transversely specially for this investiga- 
tion, care being taken to remove the bram with as much as poisiUe of the 
third nerves attaohed. The ganghonic masses were found well marked and 
were composed of cells of the same character and in about riie tiamliiff 
as in the case desonbed and figured above. 

The discovery of even a small ganghonic mass related to the third ctaaial 
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nerve was so unexpected that 1 was led to exanune other elasmobranoh braiua 
of which I hod sections, with a view to determining whether the condition m 
S, eanwula was peculiar to that species or whether the ganglion was of normal 
occurrence but had escaped observation 

The examination was without result, however, for m a number of specunens 
of Aeavihiat, Rata, and lihtna I found no trace of ganghon cells upon the 
third nerve root, but it cannot be asserted that in these species the ganglia 
are absent, for in all of these brains the third nerve had been severed, it was 
found, comparatively close to its origin A search for these cells upon the 
third nerve of Amphibia was somewhat more fruitful In Jtana enculenta a 
cluster of half a dozen large ganglion cells was found upon the nerve on one 
side of my single specimen In JR temporana and Molge xp an odd coll oi 
two appeared in the sections of the nerve In each case the cells were 
found at or very near to the severed end, and it is highly probable that still 
other cells hail existed in the distal part of the nerve 

The existence of these ganglia in R eanvuda has not, 1 believe, been 
recorded hitherto This is, perhaps, not surpnsmg, for the head of the adult 
annual is fui too laige to bt* readily cut in its entirety, and, as luy own 
experience illustrates, where a study of the central nervous system is the 
pnme object, brains are likely to be removed from the head by the cutting of 
the third nerves fairly closely to their superficial origin And, m sections of 
the entire heads of embryos of this species, of several different sizes, which 1 
examined, I was unable to distinguish the future ganglion cells among the 
numerous cellular elements present in the developmg third nerve, although 
some of my specimens were sufiiciently advanced to show the elements of 
the trigeminal ganglion already fairly well differentiated. 

Although I have seen these ganglia in but three specimens of S. caniciUa 
I believe that they will piove to be actually of mvariable occurrence in this 
species 

That “ degenerated ” ganglion colls occur upon the oeulomotonus in man 
has long been known, having been recorded by Thomsen in 1887.* They were 
said to occur in the adult human subject as patches of altered tissue which, 
Thomsen stated, were the remains of the encapsulated ganghon cells observed 
by him in the root of the oculomotor in the new-born child Oaskell ( 89X 
two years later, confirmed the discovery of these degenerated cells in the 
third nerve of man and recorded the findin^of similar cell masses m the root 
of the fourth and suth nerves also He seems to have assumed that these 
cells were always merely vestigial structures, but he nevertheless attadied 
oonsiderable importance to the discovery. On the strength of the transient 
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existenee of these oells he put forward the hjrpothesua that " both tfaml and 
fourth nerves are in themselves complete segmental nerves of the type which 
Balfour supposes to have been the original type ‘when mixed motor and 
sensory postenor roots were the only roots present * , that then owing to some 
change which ooourred dunng the past history of the vertebrate the Benaeny 
parts of tlieae two nerves degenerated and tlieir place was taken by the 
sensory elements of the fifth nerve " 

Two other early observers, Beissner and Bosentlial?* are also said to have 
recorded the existence of oells in the root of the third cranial nerve Accord- 
ing to Sherrington, the former suggested that these cells were connected with 
the sympathetic ajrBtem 

Of the occurrence of (presumably) actively functional ganglion oells upon 
the oculomotor root, in numliers comparable to those which I have found m 
5 canvntJa, the only record, so far as I can discover, is contained m the paper 
by Miss TozeT('12) This autlior found ganglion cells in (or near) the roots 
of the third, fourth, and sixth cranial nerves of young Mouiacus and of 

a teleost {Chidu^ vvrena) and in the third and sixth roots of the common 
pigeon 

It would appear, then, that oculomotor gangliaf are present, either as 
functional structures or as vestiges, in widely separated vertebrate classes 
Since ganglia, other than sympathetic, are known to occur normally only 
upon “ sensoiy nerves, or if upon mixed (motor and sensory) nerves, then 
upon tlie dorsal (sensory) root only, a question at once presents itself — What 
18 the significance of the occurrence of ganglia upon the oculomotor root ? 

In seeking an answer to this question it will be necessary to discuss the 
generally accepted belief m the homology of the oculomotor nerve with a 
ventral spinal root m the light of our present knowledge of (a) the composition 
of this nerve and (b) its relation, lu development, to the ciliary ganglion 

The Comparison of ths Ocalomotw* ivUh a Vmti al Upvml Nerve Boot 

That the oculomotor has, of recent years, been accepted by the great 
majority of authors as a purely motor nerve, composed only of somatio motor 
components and equivalent simply to the ventral root of a typical segmental 
nerve is common knowledge. Neal (’14), the most recent contributor to this 
question, has insisted upon the correctness of this interpretation. He 

♦ SUierrlngton, *04^/, p. S54 

t These ganglia (whicli occur on the roote of the ocuionotoi fust within the brain 
case) must not be confused with the ciliary ganglia whioh have sometimes beeh referred 
to (U) oculomotor ganglia The ciliary ganglia, of course, lie in the orbit and, although 
ocnneoted with the oculomotor (and oph^almicus ptofundus) nerves, are genefaUy 
leuognised aa being ganglia properly refenud to the autonomic (sympathetic) system. 
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ooneludes* " the evidence of its histogenens and its central and penptmral 
relations so stronglj support the supposition that it u a soiAatic motor nacre, 
as the majority of morphologists have beheved, that the acceptance of the 
latter seems unavoidable " 

While Neal is undoubtedly justified in claiming that this view is that held 
at the present time by the majority of observers, yet, as he pomts out, this 
has not always been the case In the past, many morphologists have mam- 
tained that tha oculomotor is serially homologous with the segmental nerves 
Comparatively recently this earlier view has been supported by Gast (’09) 
upon embryological grounds 

In arriving at Ins conclusion, however, Neal appears to be altogether unaware 
of the light which has been shed upon this question by the results of the 
experimental work of Sherrington and Tozer. 

The Omnpontton of the OcvtomotorNerve — Sherrington (’94), as the result 
of certain experiments upon the eye-muscle nerves, came to the conclusion 
that the oculomotor might prove to be “ senson-motor ” (afferent-efferent) 
He repeated and laid stress upon this suggestion m a later paper (’97) 

Herrick (’99, p 230) noted that medullated nerve fibres of two kinds were 
to be recognised in the oculomotor nerve of a bony fish (Menidxa) He 
remarked that mu8cle<spindle8 were said not to occur in the eje-inuseles but 
suggested that the more slender nerve fibres, whose origin he failed to 
determine, might, nevertheless, form part of a sensory mechanism analogous 
with muscle-spindles 

Beoently the existence of musole-apmdles m the extrmsic eye-muscles has 
been demonstrated by Sherrington and Tozer (’10) Not only so, but the 
related spindle nerves were stated to pass into the central nervous system by 
way of the oculomotor This, upon the generally accepted interpretation of 
the oculomotor nerve as merely a ventral root, is altogether anomalous, for 
the nerve fibres from muscle-spindles m all other muscles ate derived from 
ganglion cells of the dorsal spinal ganglia and thus are connected with the 
central nervous system only by way of the dorsal (posterior) nerve roots 

The experimental work carried out by Miss Tozer (’12) upon Maeaem 
showed that lesion of the third nerve peripheral to the ganglion cells (m., at 
a point between the ganglion cells and the musole-spindles) resisted in the 
alteration of the ganglion cells and the complete degeneration the musole- 
spmdles; whereas, when the lesion was effected centrally to the ganglion, 
somef at least of the musole-spindles persisted 

* Op at,, p, 106 

t It should be noted that while only a few musole-opindlee are said to have persisted, 
in Momou only a few ganglion oells are aormrily p r es e nt. 
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This 18 not only definite confirmatiou of Sherrington’s suggestion that the 
third nei've is Benson>inotor, but it also points to a connection between these 
ganglionic cella and afferent fibres from sensory end-organs (the masde- 
spindles) It thus affords evidence that these cells are of a type noimally 
occuinng elsewhere only upon the dorsal roots of segmental nerves 

1 n summing up, Miss Tozer remarks* “ The great variation in the number 
of these cells renders an explanation of their nature and fimction at present 
impossible The cells in Gadm are possibly sufiScientl^ noinei^ips to represent 
the source of the afferent fibies . . but in Macobua the number of these 
cells seems to be insufi&oient to do this ” If the latter part of the statement 
IS correct, some of the afferent fibres presumably have an intracerebral origin 
Since the oculomotoi nuclei are in close relation to several sensory centies 
through the mediation of the fasciculus loiigitudinalis, there is nothing 
improbable in the suggestion that some of the afferent fibres may pass directly, 
by the fasciculus longitudinalis, to one of these centres 

TVte Helatwn, in Development, of the OUtary Ganyhon to the OenUmotm — . 
Carpenter (’06, p 192) has demonstiated tliat while, in the embryo chick, 
the ciliary ganglion aiises, in part, from cells which liave migrated from the 
ophthalmicus profundus ganglion, it is also, to some extent, derived from 
neuroblasts which pass penphorally along the fibres of the oculomotor nerve 
to tlie ciliary ganglion 

In view of this statement 1 was, at first, molined to believe that the oculo- 
motor ganglia whioh I had observed were merely cell masses destined pninanly 
for the sympathetio system but which had been arrested at this place in theh 
transit to the ciliary gaughon ISuoli an explanation, however, merely introduoes 
another diihoulty, viz , the apparently anomalous ongm of the ciliary ganglion 
In a typical segmental nerve, sympatlietic ganglia are generally believed to 
arise by the migration of neuroblasts from the spinal ganghou upon the dorsal 
rootf The alternative view that sympathetic ganglia anse, eitlior wholly or 
111 part, by the migration of medullary cells along a ventral nerve root has 
met with little aooeptance Tlie former view is that favoured by Neal In 
an earlier work, that author moiiitained (’03) that, although the cells m the 
unlagen of the spinal ventral roots had a midullary ongm, yet these bad 
nothing to do with the formation of neuraxons They are differentiated solely 
into neurilemma elements In his recent work be notes (’14, p. 54) that this 
fact has never been called in question but that, on the contrary, it has been 
confirmed by several subsequent workers. 

Goncermug Carpenter’s statement that neurohlasts pass along ^ ooulo- 

*' C^. , p. xn 

t Cf. Johnston, ’07, p. 908, 
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motor to the ciluuy gangltoo, Xeal says (’14, p 73) " It this coQcIunon be 
confirmed — and this has been done by Belogolowy — it appears that at least 
some of the medullary cells in the ooulomotonus anlage are neuroblastio.” 

Belogolowy (’10) apparently only infers, however, that the cells of medullary 
origin in the anlage of the ooulomotonus are those which later enter the 
ciliary ganglion, 

Gast('09) believes that, in the embryo, there exists a " root-ganghon " 
upon the oculomotor nerve, the cells of which are of medullary origin 
Concerning this, Neal points out the difficulty of recognising with certamty 
a nerve cell among the mass of cellular elements in the anlage of the nerve, 
a difficulty to which I have already alluded * 

Moreover, many of these cells of medullary origin are known to become 
altered later into neurilemma elements, as do the similar cells m spinal 
nerves Cariienter has observed all stages m the differentiation of such 
medullary cells into neurilemma, in the duck Neal records that he, too, 
has seen such a transformation, in embryo Squalwt His statement (’14, 
p. 74) IS, in SqualuB, it is possible to demonstrate that a large number, 
if not all, of the cells present in the anlage of the Oculomotor become 
differentiated as neunlomma cells.” 

In this connection Neal reviews the evidence bearing upon the question 
To what extent, if at all, do emigrating medullary elements contribute to the 
formation of the sympathetic ganglia related to spinal nerves ? The woik 
of Kuutz(’ll) (which Neal remarks is “the latest presentation of the case 
in favour of the medullary origin of some of the elements of the i^mpathetic”) 
comes in for somewhat severe ontioisin Neal conoludes that convincing 
evidence “that cells of somatio motor nerve anlagen m Squalus 
migrate into the anlagen of the sympathetic .is wanting The assertions 
of Kunts in this connection appear quite unconvincing ” 

As the result of his own observations Neal expresses the opimon (’14, 
p. 67) that “ the evidence seems rather to favour the view that the sym- 
pathetic anlagen receive their cellular elements largely, if not exclusively, 
from the sensory ganglia, as inferred by investigators npon all classes of 
vertebrates from Sohenok and Birdsall to Held and Marcus ” 

Thus, in contributmg to the formation of the sympathetic (ciliary) anlage 
the oculomotor would, as a ventral root, appear to be altogether exceptional 
In the anlage of the oculomotonus, however, there are present cells which are 
derived from the neuial crest 

The statement that free cell migration takes plaoe from the meeooepholic 
gaughonio mosa towards the oculomotor anlage has been mode by numerous 

* Videp fifiS, Mipra 
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obaervers Keoently Gatpeater(’06), Qa8t(’09), and BelogolowjClO) have 
confirmed this, but the two latter authors suppose that these augiaiit neural 
crest cells simply become neurilemma and supporting cells in the oculo- 
motor root 

Johnston (’06, p. 244) believed that the cells of the ciliaxy ganglion arose 
from a part of the neural crest distinct from that which gave rue to the 
profundus ganglion Neal denies that thu is true for Sgmtwa, but makes a 
very interesting statement concerning the origin of'the ciliary ganglion in 
that form “ . the first clusters of cells associated with the anlagen of 

these nerves (the oculomotor and the trochlear) are denved from the neural 
crest. These cell clusters, in their relations and — ^in the case of the ciliary — 
in their adult structure, appear to be sympathetic Their denvadon from 
the neural crest favours the inference that the sympathetic anlagen of the 
trunk have a similar origin ” (’14, pp. 58-59). 

HVom all of which, indefinite and conflicting as it appears, three facts 
emerge , — 

(i) that, in the anlage of the oculomotor, cells are found denved l^ migra- 

tion (a) from the medulla, and (5) from the neural crest , 

(ii) that certain of these cells in the oculomotor anlage migrate into the 
anlage of the ciliary ganglion, precisely as do cells from a typical 
dorsal ganglion mto a typical sympathetic ganglion , 

(m) that the weight of evidence appears to be against the belief that cells 
of medullary origin contribute to the formation of sympatfaetio 
ganglia. 

Tlie inference is that the cells which pass along the oculomotor to the ciliary 
ganglion must have been derived, in the first instance, from the neural crest. 

The Compai'mn of the Oculomotor untk a ComjJete Segmentaf Nerve 

In view of what has been said it will be obvious that, in certain particulars, 
the peripheral relations of the oculomotor ate not exactly those of a ventral 
root Nor does it appear that the histogenesis of this toot (in its reladon 
to the neural crest and the ciliary ganglion) corresponds, in every particular, 
with that of a spinal ventral root In attempting to amve at a correct 
interpretation of the homology of the oculomotor we most take into account 
the following facts — 

(i) that this nerve is undoubtedly ** afiforent-efferent ” , some or all of its 
afTerent fibres being related to sensory end-oigaiis (mnsole«qpiadles); 

(u) that, upon its root, in some forms, ocouxs a gaa^ion or soatteied 
ganglion cells; 
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(iii) that, in snoh forms it is probable that the afferent fibtea are wholly, or 
in part, derived from these ganglion cells , 

(iv) that, in development, ganglion cells from the neural crest enter into 
association with the anlnge of the oculomotor, apparently establishing 
a transient dorsal root , 

(v) that, in development, certain ganglion cells migrate peripherally along 
the fibres of this nerve to the (sympathetic) cihary ganglion, such 
cells having probably anaen primarily from the neural crest 

Now in a typical segmental nerve (m the general acceptation of tlie term) 
vve find a dorsal root bearing a ganglion and a ventral root without ganglioh 
cells These roots unite at, or just peripheral to. the ganglion From the 
ganglion, or from the common nerve distal to the ganglion, there arises a 
branch which enters a ganglion of the antonomio nervous system The cells 
of this latter ganglion are derived predominantly, if not exclusively, m 
embryonic life, from cells which migrate from the spinal ganghmi situated 
upon the dorsal root of tlie related s^mental nerve The nerve fibres of the 
dorsal root are, in general, derived from the cells of ita dorsal ganglion and 
are described as afferent (somatic and visceral sensory) fibres, transmitting 
centripetal impulses The neive fibres of the ventral root are of mtraspinal 
origin (arising from the ventral and lateral oomna of the spinal cord), and are 
efferent (motor), transmitting only centrifugal uupulses. 

In a oompartson of the condition observed in the oculomotor with that 
defined as typical for a segmental nerve we cannot but be struck with the 
fact that the oculomotor appears to combme most of the features of dorsal 
and ventral roots of the typical segmental nerve. That it may lack certain 
nerve oomponeuts, normally present in a typical segmental nerve, is not 
denied, nor is a distinct dorsal root recogmsable. On Uie other hand it 
presents features altogether unknown in any typical segmental ventral 
nerve root 

The Ahmee of Certmn Comfonenie front the Oevlomotor — The suggestion 
that there has occurred in this nerve a cenogenetic atrophy of certain com- 
ponents IS neither new nor improbable. Indeed, Johnston has pointed out 
(*07, pp. 151-163) that, in the nerves of that region of the head occupied by 
the lateral eyes, the absence of the general cutaneous compouent of the 
senecary sjrstesn might reasonably be expected. Similar reaaomng might 
oonneet the absesioe of vuxieral sensory cmnponents with a possible dis- 
appearance of visceral tissue in the r^on of the mote antmnor somites. 
With the dHappeacanoe of these nerve elements from the nerves of the 
segments occupied (or encroached upon) by the lateral eyee and tiie serially 
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following “aocefisoiy optic vesioleH,’’ the dorsal roots would undergo con- 
siderable diminution in size and importance The dorsal ganglia, from which 
must of the remaining afferent fibree would have arisen, would oonsut of 
comparatively few cells (the large cuntiugeuts of cells, normally present in 
ganglia upon nen'cs supplying regions of less specialisation, being altogetliei 
wniitmg). 

Gast has stated that a transient dorsal loot, related to the oculomotor, 
appears in development, and considers that this and Either eye-muscle nerves 
represent segmental nerves from which the sensor}' elements have altogether 
disap^ieared 

Neal, dissenting entirely from Gast’s speculation, remarks ('14, p 105) 

“ The sup^Kised demonstration of the participation of sensory elements in the 
genesis of the oculomotor is one that would satisfy only on the basis of 
a strong presumption in its favour” I would surest that the actual 
occurrence, in Macacuo rJiesug, (Jolumha Itvia, Oadus vtt'ena, and Seylltum 
mniciila, of numerous ganglion cells in the oculomotor roots, apparently 
related to afferent nerve fibres connected with sensory end-organs, supplies 
the "strong presumption” which Neal requires Neal continues, “The 
position of the nidulus of the oculomotor and its peripheral distribution 
create a strong presumption against the assumption Spindle-shaped oeUs 
lying in the mesenchyma between the profundus ganglion and the oculo- 
motor nerve are not neoessanly neuroblaats Spindle-shaped cells may he 
found almost anywhere lu the mesenchyma Evan if it bo admitted that 
the evidence that these cells are in the process of migration towards the 
oculomotor auloge is conviucing, Gant does not know their fate They may 
fonu neurilemma or they may enter the sympathetic or what-not ” Is it 
not reasonable to suppose that the cells of the oculomotor ganglion may 
represent some of the sensory elements which take part, according to Gast, 
in the formation of the oculomotor anla^ ? 

if bthers of these cells migrating to the oculomotoi should subsequently 
“ enter the sympathetic ” as Neal suggests, it would strengthen rather than 
weaken the case for regarding the oculomotor as a segmental nerve. Neal 
himself states (’14, p. 57) tliat neural crest cells do come into oonneetion 
with the oculomotor anlage and do apparently, amongst other dftatinat.i «wMi , 
anive ultimately at the sympathetic (ciliary) anlage Indeed. Neal makes 
use of this fact to support his contention that spinal sympatiietic gan glia 
have an origin from dorsal spinal ganglia, by analogy with this devek^nnent 
of the ciliary ganglion 

The Du^ilaeetnetU <(f SoruU dorsal toots of ecaniid nerves 

praotioally always shift ventrally from their primary poutum, dnnng the 
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ooui'se of (levelojiiueut This ventral dislwiation may easily have been 
earned to a greater length in the case of a greatly reduced oonlcnnolur 
dorsal rout and have resulted in a confluence of both dorsal and ventral roots 
into a single strnctuie 

Tfte Stmrhiie of the Oculonivlot ivtUike t/uU of Venhal Spinal Jtoots — ^The 
existence iii the oculomotor of sensory fibres (related to muscle-^pindlcs) 
denved in jiart, if not entirely, from ganglion cells upon the root of the 
nerve is absolutely incompatible with the mterpretaliou of the oculomotor 
as homologous with a ventral spinal nerve root That some of the afferent 
fibies may have (as Tozer implies) an intracerebral origin does nut affect the 
case Sherrington ('97o, p 210) states that, in mammals, none of the flbres 
of dorsal (posterioi) spinal roots have an intraspinal origin For manv 
vertebiates, other than mammals, howevei, it apfiears to be established that 
afferent fibres with an intraspinal origin do exist Thus the possible 
occurrence of afl'ercut fibies of intracerebral origin in the oculomotor does 
not lessen the resemblancu of this nerve to a true segmental nerve What 
18 of the utmost importance is the indisputable fact that afferent hbres 
enter the biam by the root of the thud nerve Of the spinal or typical 
segmental nerves Tooth concludes (’92, p 783) '* The posterior roots are the 
only points of entrance of sensory, or, more bioadly, centnjietal impressions” 

The explanation which appears to be most in agreement with the facts is 
that tlm oculomotoi is not correctly viewed as the equivalent of a ventral 
root only llather we must accept it as the homologue of a complete 
segmental uem, containing elements of both dorsal and ventral loots, 
although some of these components have apparently become obsolete, and 
the distinction of tlie originally separate dorsal and ventral roots has 
disappeared 

Agamst this hypotliosis, which, it should be noted, is not quite identical 
with that put forward by Gaskell and earker observeis, three objections 
may be raised. Equally with that earlier view it is opposed to the 
generally accepted interpretation of the ramus ophthalmicus profundus as 
the dorsal nerve root of the oculomotor neuromete. 

In the first place, then, it may be urged that, m ontogeny, the oculomotoi 
and profundus nerves are very intimately related, and that the connection 
of the latter nerve and the neuromere of the oculomotor (v, according to 
Johnston) is only lost relatively late m development, when the profundus 
acquires a new connection with the bram (in neuromere vii) through the 
mediation of the trigeminal root Indeed, the ramus profimdus retams 
Its relation to the third nerve, throughout life, by the ciliary nerve (radix 
otlians longue) and ganglion. 

VOL. ucxxvni.— B. 2 x 
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It aeoms to me that the only inference which can safely be drawn from 
the observed shifting of the ophthalmicus profundus is that its change of 
relations from the third nerve to the fifth may recapitulate a change which 
took place cwnparatively late m the history of the development of the 
vertebrate head It does not, liowe\or, justify the assertion that the 
relation of the ophthalnucua profundus to the third nerve was necessarily 
primary The mesocephalic neural crest has a considerable anteio-posterior 
extension and other oonucctions between the neural crest and the oculomotor 
have been observed, anterior to that existing between this nerve and the 
ophthalmicus profundus 

That the trigeminus, the ophthalmicus profundus, the oye-muscle nerves, 
and the nervus thalamicua, should be found related and more or less fused, 
perhaps shifted, or even become obsolete, is little to be wondered at, occurring 
as they do in a legiou where shifting and obhteiatiou of niyotomes has, 
admittedly, been such a marked feature Nor is it surprising that there 
remains little or no evidence, m ontogen}% of the piimary airangement m 
serial independence of the nerves of this region, for the changes which 
took place in connection with the development of the eye must have been 
some of tlie very earliest to disturb the serial arrangement of the nerves 

In the nerves of the branchial region we have, apparently, a nearly parallel 
case There, although wo hud the several branchial nerves connected from 
the earliest developmental stages, yet it is generally accepted that these 
nerves were primarily independent and serially distinct It is assumed that 
their displacement and fusion was a feature acquired so early in the develop* 
ment of the vertebrate head that the pnor condition no longer occurs lu on 
abbreviated ontogeny 

Bearing upon this hypothesis that the ophthalmicus profundus does not 
represent the dorsal root of a segmental nerve to which the oculomotor 
would stand merely in the relation of a ventral root, an interesting point 
may be noted In certain elasmobronohs, of which Scylhum is one, the 
ophthalmicus profundus is said to be little developed* and in the adult 
to be absent f It is precisely m Scylhnm^ where the oculomotor is found 
retaining its gangUon, that the encroaobxqent of the ophthalmicus profundus 
16 thus least m evidence 

* As a further objection, the connection of the ciliary ganglion with both the 
oculomotor and the ophthalmicus profundus nerves might be adduoed, on the 
assumption that this is homologous with the relation, in the spmal region, <tf 

* Sedgwick, '06, p. 185 

t Parker and Haawell, '10, vol. 8, p 161, footnote 
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a sympathetic ganglion to both the ventral and dorsal roots o£ its related 
spinal nerve 

Neali diaoussiug the question of the relation of the oculomotonus to the 
ramus profundus, decides ('14, p. 102), “there appears to l»e no insuperable 
objection to the view that the ophthalmicus profundus is serially homologous 
with spinal somatic sensory nerves While this is readily conceded, it falls 
short of establishing that the ramus profundus necessarily lepresents the 
sensory root in the oculomotor neuromere Neal continues “ The comparison 
of the profundus nerve with spinal somatic sensory nerves is still further 
Btiengthened by the evidence of the relations with the ciliary goughon, which 
have been found above to bo those of a somatic motor nerve to a sympathetic 
ganglion The facts which prove the sympathetic chaiactcr of the ciliary 
aulage have already been statocl above and need no restatement The ciliary 
gangbon of Squalus is to he regarded as partly, if not exclusively, a sympathetic 
ganglion So that in its relations with a sympathetic ganglion the oculo- 
motor forms no exception in the senes of morphologically similar somatic 
motor nerves 

From what we know of the development of the ciliary ganglion, howevei, 
this relation may, quite as reasonably, be interpreted upon the h;ypotbe8ia of 
the segmental distinctness of the two nerves In accordance with which, I 
suggest tliat the ciliary ganglion is to be regarded as the pioduct of the 
fusion of sympathetic ganglia related to at least two segmentally distinct 
cranial nerves Such a condition is paralleled in the spinal region in the 
cervioal ganglia, for example Even if we achiiit the correctness of Krause’s 
view tliat the ciliary ganglion has a double nature (containing, in addition to 
Its sympathetic elements, the bipolar cells of a cerebro-spinal ganglion), the 
oompanson of the oculomotor nerve with a typical segmental nerve would 
not be affected We should merely recognise that certain cells, migrating to 
the ciliary ganglion along the fibres of the oculomotor and ophthalmicus 
nerves, which were hitherto supposed to be simply sympathetic cells, were, 
in fact, sensory colls 

It may well be that the ciliary ganglion is not strictly homologous in all 
species. The oculomotor gangbon bos been observed m but comparatively 
few species, and, while its presence will probably be revealed by further 
investigation iii many other forms, yet it is scarcely credible that it can 
have been completely overlooked in many tyjies which have been carefully 
studied In euch forms, then, the cells of the oculomotor ganglion may have 
migrated into the proximity of, or even into actual fusion with, the ciliary 
gangbon, which would thus have the double character claimed for it by 
Krause On the other hand, in those species in which a distinct oculomotor 

2x2 
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ganglion persists, the ciliary ganglion may prove to be composed strictly of 
sympathetic elements. 

Herein, perhaps, lies an explanation of the contradictory observations 
which have been recorded, and the diverse opmions expressed in the 
controversies concerning both the nature of the ciliaiy ganglion and the 
segmental value of the oculomotor nerve 

The fact that ganglion cells are known to occur upon ventral sjunal roots, 
constantly in the cat,* and occasionally in man and monkey, must not be 
overlooked These cells are nut, however, associated with afferent fibrest 
nor related to sensorial end-organs What their nature and function may bo 
has not yet been explained, but they are clearly not comparable with the 
cells found in the roots of the eye-mnsole neives Neal (’14, p 68) remarks, 
in connection with the migration of medullary cells into the ocniomotor and 
trochlear nerves, that a similai migration is observed in the case of the 
abducens which has no related sympathetic anl^, and that m this case 
these cells can have no destination other than the neunlemma In the 
specimens which I have examined, ganghon cells were apparently absent 
from the roots of the fourth and sixth nerves. From the results obtained by 
Gaskell, Sherrington and Tozer, however, it would seem that both of these 
nerves also are senson-motor, and have ganghon cells upon their roots m 
some species. 

In the cose of the tiochlear nerve, Neal points out that, m development. 
It is closely associated with fragments of the neural crest and is related 
to a transient sympathetic ganghon The abducens undergoes considerable 
dislocation, and has lost all trace of any relation to a sympathetic ganglion 
anlage, if such ever existed. Nor has any connection between this nerve 
and the neural crest been recorded. Nevertheless, it would seem that the 
arguments adduced in favour of the segmental value of the oculomotor would 
apply, in the mam, to all the eye-muscle nerves, making allowance for the 
progressively greater reduction and displacement which haa ooonrred in the 
two moie posterior nerves 

In conclusion, I would submit that the occurrence m the oculomotor of 
afferent nerve fibres (conducting centripetally impulses anaiBg m senMnial 
end«oiganB), and of ganglion ocIIb upon the root of the nerve almost certainly 
related to these afferent fibres, taken in ooiyunc^n with the part whiidi 
this nerve plays in the development of the mliazy ganglion, courtitutM 
evidence m favour of the complete segmental character of tiie nerve too 
important to be ignored Neal, who upholds a view <^posed to this, aaya 

* 8ob«f«r,*6(^IkSto. 

t Shemngtoii, *940. 
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thati in liuB opinion, tlie demonstration of the serial homology of head and 
trunk metameres depends largely upon the proof of the resemblance of 
eye-muBcle and spinal somatic motor nerves” It seems to me that the 
demonstration of the resemblance of the oculomotor (and other eye- 
muscle nerves) to a complete spinal nerve (including sensory as well as 
motor roots) would have even greater value in establishing the segmental 
character of the head metameres Thus, uhile I dissent from Neal’s state- 
ment just quoted, I am altogether lu accord with liis further statement 
concerning the eye-muscle nerves that " failure to convince morphologists of 
their ineristio homology with spinal nerves would tend to undermine the 
foundations of the traditional conception of the head ” 

1 desire to take this opportunity to acknowledge my indebtedness to 
Prof. Dendy for valuable ad\ace and criticism, and to Profs Elliot Smith and 
J. P. Hill for kindly directing my attention to the literature of the subject 
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The Osmotic Balance oj Skeletat Muscle 

liy Douothy Johdan Lwyd 

(Conimuiuoat«d by W 13 Hardy, F B R Iteceivod February 24, 1916 ) 

Fletcher was the first to follow continuously, for any considerable length 
of time, the change ui weight of a muscle immersed in a hypotonic scdution.* 
Ho found that the muscle at first increased m weight and then decreased 
In isotonic solution the niusolo “neither gams nor loses weight," This 
amounts to a definition of an isotonic solution. 

The olianges in weight of the gaetroonemins or sartonua, the musolea 
used by Fletcher, are slow, owing to the low value of the ratio of anrfaoe to 
volume Very early in this work therafore it was decided to use a thm flat 
muscle sheet The stemocutaneous muscle of the frog was fixed upon It 
reaches Its maximal intake from a hypotonic solution in from 5 to 20 mmutes 
according to tho concentration of the solution and the state of the muaole 
In the case of so small a musolo it is possible that all the fibres are needy ' 
m the same stuto at the same time This cannot be the case with larger 
musdes. The central fibres of, for instance, the sartonus naay be irritable 
whilst the external fibres are in water ngor Complex {diysical and 
physiological reactions between the fibres most occur and oompUoate the 
problem An obvious disadvantage of a muscle with a large surface is the 
magnitude of the error in weight due to variation m the quantify of montnre 
adherent to the surface The surface was always dried quickly hj filter- 
paper before weighing, and the smoothness of the curves of vamtum of 


* ‘ Joom. Physiol.,’ vd 90^ p. 414 (1904). 
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weight with time is, I think, sufficient proof that the error was reduced to 
about 1 per cent* of the total weight 

According to the definition of an isotonic solution given above, such a 
solution does not, strictly speaking, exist. A muscle may remain steady 
within the limit of error of weighing for periods up to half-an-hour, but soonei 
or later measurable variations of weight appear In other words the muscle 
removed from the body is a changing system It is a question whether the 
apparently steady periods are not really periods of very alow change It is 
noteworthy that different workeis have fixed upon solutions of sodium chloride 
over such a wide range as from 0*6 to 0 8 per cent as being isotonic with 
frog's muscle , and the only curve given by Fletcher of a muscle m an isotonic 
solution shows a steady rise in weight 

A muscle simply removed from the body is called by Fletcher a resting 
muscle The use of th^ term is inadvisable Such a muscle has suffered a 
certaui amount of mechanical disturbance, and m the process of pithing the 
fiog it has been thrown into tetanus lasting a minute or more, at a time 
when the circulation of blood is defective. Such a muscle is best indicated 
by tlie term untreated muscle 

The weight changes chaiactenstic of an untreated muscle in solutions of 
the sugars biose, dextrose, sucrose, and rafimose between the concentrations 
zero to 0 27 moleculai are shown m fig 1, which shews a curve for 



Fxo l.-^AbsoissiB » boom from begummg of expenment ; Ordi&atss - weight of muscle 
expressed in percentage of initial weight. 



570 Miss D. J. Lloyd 

0 14 molecular sucrose * There is a rapid intake of water fdlowed loss, 
the weight often falling much below the imtial weight This curve should be 
compared with the curve of change of weight in hypotonic (0 XO molecular) 
Bmger, given m fig 2 

The curve characteristic of a concentration higher than 0*27 molecular is 



also given in fig 1 The initial intake not only is not present but is not 
eien represented by a variation in the rate of loss The relation throughout 
18 simply linear 

The fact that the loss of weight in the more concentrated solutions is in 
linear relation to time is of interest The osmotic equivalent of an untreated 
muscle exposed to a solution such that it takes m water, clearly undergoes a 
change since the intake gives place to a loss in weight usually greater than the 
previous gam Does the osmotic equivalent of the surviving muscle 
spontaneously change or is the change just mentioned due to the exposure to 
a hypotonic solution ? Tlie linear form of the curve of loss m a hypertonio 
solution suggests that the variation of state is due to the influence of tiie 
solution The linear form of the curve also would imply that the loss is due 
to a change in the state of the muscle, for if it were merely the establishment 
of an osmotic balance with a fixed efleotive mass of solute withm tiie 
muscle the rate would dimmish as the efifeotive concentration within the 
muscle approached that outside it Both above and below a oertam coneen' 
tration the progress of change beais the character, not of the simple estaUkh- 
ment of osmotic equilibniun between two solutions initially of different con* 
centration, but of the response of a labile system to an external Aturngw of 
state 

* It mutt bs remembered that a 0 ISO molecular aohitioii of BodmiB chloride (tidtSB 
by moet writers as isotonic) is osmotically equivalent to a DV aoleeular aeliitwn of a 
sugar 
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The region between 0*21 molecular and 0 27 molecular for the sugars is one 
in which the luiUal intake may or may not appear. The muscle either at 
once loses weight after a short period of slight change, or shows a typical 
initial intedce followed by a typical loss The vanation over the region may 
provisionally be attnbnted to a variation in the state of the muscle due to 
mechanical disturbance For instance, in dissecting the muscle out it is 
subjected to a varying amount of tension, and this will tend to produce 
passage of fluid from the interior of the fibre to the lymph space or vice verttd, 
and pithing the frog causes faiily prolonged twitching when the blood flow is 
poor If it were possible to secure muscles in a definite physiological state 
this diffuse zone would probably narrow to a cntical concentration, below 
which the initial intake would occur and above which it would vanish Some 
part of the initial intake of water from hypotonic solution is unquestionably 
due to the mechanical disturbance of the muscle 

JSffect of Oxyffen — Fletcher found that the osmotic changes induced in a 
muscle by activity were removed by exposure to oxygen. The muscle was 
put back into the resting** state, which was characterised by a laige 
intake of water from hypotonic solutions My results with the steruu- 
cutaneous do not readily liarmonise with those of Fletcher The effect of 
pieviouB exposure to oxjgen is to reduce, and finally to obliterate, the initial 
mtake of fluid even from distilled water In lig 3 are two curves, (a) from a 
muscle put directly after removal from the body into distilled water, from 
a muscle placed in distilled water after three hours* exposure to moist oxygen. 



Fig 3. 


It might be urged that the intake has already taken place from the water 
vapour during exposure to oxygen. This is not so Muscles in oxygen and 
water vapour always tend to lose weight If any intake does occur it most 
be so transitory and slight as to have escaped detection 
jSagposwrs to Water Vapour , — The behaviour of a muscle immersed in a 
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solution must always be open to a vanety of interpTetation& The oourae of 
events depends not only upon the mitud state of the muscle but also upon 
properties of the surfaces of muscle and muscle fibre considered as semi- 
permeable membranes Further, osmotic relations are complicated by change 
m the muscle duo to the chemical nature of the solution Thus, to take salts 
as examples, the stemocutaneous muscle in molecular solution of^odium 
chloride usually remains of constant weight for some time, and then loses 
weight y in a similar solution of potassinm chloride there is an immediate 
and prolonged rise in weight followed by a fall , in an isosmotic solution of 
calcium chloride there is a very small and fleeting initial use in weight 
followed by a long and steady fall which may reduce the muscle to 60 per 
cent of its onpnal weight 

Tt IS possible, however, to examine the osmotic balance of a muscle by 
exposmg it to water vapour of varying pressure The gas space round the 
muscle then acts as a theoretically perfect semi-permeable membrane so far 
os non-volatile solutes are concerned The method adopted was to suspend 
the muscle m a flask over a solution of known concentration, the gas in the 
flask first having been shaken thoroughly with the solution and then left at 
the desired temperature for some hours m order to attain equilibrium The 
muscle was removed for each weighing, and results therefore are affected by 
an erroi due to loss of water dunng weighing, and loss of vapour from the 
flask during removal and replaooment Control expenments with fine plates 
of agar saturated with water gave a maximal loss of 3 per cent in four hours. 

In fig 4 are shown cuives of the weight changes of muscles suspended lu 
oxygen above the plane surface of (J) distilled water, (r) 006 molecular 
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Bin^r’a fluid, 0 125 molecular Binger’s fluid, and (e) in air above 0*13 
molecular liinger’s fluid, and {a) m hydrogen over distilled water. 

In oxygen saturated with aqueous vapour over distilled water the weight 
may either remain constant for a vanable period and then fall, or start falling 
at once That is to say, oxygen obhterates the intake fiom vapour which 
occurs 4n air or hydrogen There is liere at first ai^t a contradiction If 
the untreated muscle has a vapour piessure less than that of water — as would 
appear from the curve h, hg 4 — why does it not at first condense vapom 
when m oxygen? Ox}gen cannot mstantly remove the condition which 
leads to the intake 

A reason may probably be found in the nature of the diffusion column 
which must be formed at the free surface of the muscle and of each fibre At 
the free surface are water vapour and oxygen Consider a superficial shell at 
the surface If the presence of free oxygen witlun this shell either raises 
its vapour pifessura to that of water, or mumtams its vapour pressure at that 
level, the quantity of water vapour taken up by the shell will depend upon 
the ratio ol the rate of diffusion ot water vapour to that of oxygen Tlie 
diffusion column of oxygen progressively retards the diffusion of water 
vapour, so that, even if then diffusion rates initially acre equal, that of the 
water vapour would rapidly tend to vanish. An analogous retardation is 
that seen when a retardation in the dissipation of heat oi diffusion of 
impurities from the face of the solid arrests the solidification of over-cooled 
liquids * 

In hydrogen saturated fvith watei vapour the muscle gams m weight 
Stnctly speaking, the gas was air very much diluted with hydrogen and saturated 
with water vapour In this the steruocutaneous maintains its irntabihty foi 
about SIX hours 

What change m the muscle is it which is caused by excess oxygen and 
which raises the vapour pressure f The work of Fletcherf and ot Fletcher and 
Hopkins^ suggests that exposure to oxygen reduces the concentration of 
metabolites (such as, foi instance, lactic acid ), and so raises the vapour pressure 
This would accord with the view of Banke and of all who have followed him, 
that the mtake of water by a fatigued muscle is due to the production during 
activity of oheniioal substances of low molecular weight. 

Hie secondary fall in weight of muscles due to loss of water was ascribed 
by Fletcher to a “loss of the semi-permeable character of the fibres,” 
just as an ordmary osmometer whose membrane is not completely impermeable 

* Wilson, ' Ffiil. 2fag (SX voL 6(X p S38 
t * Journ Phys vols. 9S and 88 
} 'Joum Phya,'voI 30, p 847 (1906-7X 
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to a solute shows first an intake o! solvent and later, as the solute escapee, a 
loss If this were the sole cause, then the secondaiy loss of water would be 
due, either directly or indirectly, to loss of carbonic acid, for this is the only 
known solute which can escape into the vapour. 

It must be pointed out that these expenments cannot be used to calculate 
the vapour pressure of the muscle substance because of the error in weighing 
mentioned above, and because the rise of the vapour pressure of the muscle 
due to curvature of the surfaces is included 

Sminvanj 

1 The stemocutaneous muscle of the frog, immersed in a hypotonic 
solution of Binger’s fluid, of biose, dextrose, suciose, raffinose, or of NaOl 
undergoes first a gain m weiglib and later a loss 

In a hypertonic solution the weight falls from the start 
• 2 The initial gam iii weight in hypotonic solutions or even in distilled water 
can be reduced and finally suppressed by previously exposing the muscle to 
wet oxygen 

3 Muscles absorb water from an atmosphere of hydrogen and water 
vapour, but not from one of oxygen and water vapour In the latter a fall 
in weight was observed 
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Sur/ctce Termon and Ferment Jctum 
By E. Beasd and W. Cbahek 

(Gommumcated by Sir Edward Schbfer, F B S Bacetved March 17, 1915 ) 
(From the PhjMology Departomat, Bdinbuigh Umrertify } 

The following inveBtigationg were earned out with the object of determining 
whether the action of a ferment on a sobstrate is affected by surface tension 
Since in the living oi’gamsm the action of ferments proceeds in a system in 
which surface development has reached a maximum, the problem is one of 
oonsideiable theoretical importance So far as we ate aware, it has not been 
studied The experimental difficulty is, of course, to allow the factor of 
surface tension to operate on the action of ferments m such a way that a 
sufficient amount of the digest can bo obtained at the end of the experiment 
m which the progress of the ferment action could be detenumed Various 
devices were used to attain this object In some prehminaijr experiments 
the reaction was allowed to proceed in a capillary tube, in others in test-tubes 
filled with glass wool, with thin short capillary glass tubes or with glass 
beads The reaction as it pitioeeded in these tulies was then compared with 
that of a control in an ordinary test-tube. A distmct effect was observed in 
these preliminary experiments with lipase, diastase, and yeast invertase, all 
of which showed a retardation. The effect was then studied m some detail 
in the case of invertase 

The expenments with invertase were earned out as follows — Solutions of 
sucrose and invertase were mixed in definite proportions Part of the 
mixture was placed in a test-tube and served as a control The rest was put 
into test-tubes filled with glass beads, 3 to 4 mm m diameter Gare was 
tslren that the level of the fluid was always well bdow the top level of the 
glass beads. The tubes were then closed with a rubber stoppei and incubated 
at a given temperature After a given number of hours, readings were tahen 
with a polarimeter. In every series of expenments the control tubes were 
read first, so that the slightly prolonged penod of incubation m the tubes 
filled with beads would tend to dimmish any retardation that might occur. 
Speeial control cxpenmei^ts showed ^t the presence of glass beads did not 
a^t the readings obtained with pure sucrose solutions. Similarly the 
xeadii^ obtained with solution of invertase alone remained constant ISiat 
the effect of the mutarotation of the glucose formed by the action of invertase 
could be neglected will be pointed out below. The beads were washed after 
each experiment for several hours, first m hot running tap water, then with 
distilled water, and dried in an oven 4t abmit 180" C 
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The mvertase was prepared from yeast obtained from Distillers Co., Ltd., 
Edinburgh, by two different methods — 

(1) Fteparatwn of Inverlaeefrom Fredi Ymd (called “Invertase F” in the 
following Tables) — A weighed quantity of yeast was added to a measured 
volume of chloroform water The mixture was kept at a temperature 6t 38° 
foi 27 hours or longer. It was then filtered The proteins were removed 
from the filtrate with kaolin The second filtrate was a dear yellow liquid, 
which was used as the solution of the ferment 

(2) Preparatwn, of Invertam from Drud Yeojsk ("Invertase D" m the 
following Tables) — Fresh yeast was pounded with distilled water and wadied 
three tunes by decantation It was then collected m a Buchner funnel, 
wadied with alcohol and ether and spread in a thin layer on a glass plate It 
was completely dned in a vacuum desiccator. When dried the material was 
ground in a mortar, placed in an oven at 40° and gradually warmed during 
half an hour up to 100° The brown powder then obtained was kept in a 
stoppered bottle When a solution of invertase was requited, weighed 
amounts of the brown powder were added to chlorof(srm water and kept tor 
about 24 hours at a temperature ot 38° After filtration a dear yellow liquid 
was obtained, which represented a solution of mvertase 

Eight different invertase preparations, all of which were strongly active, 
were used in these experiments In the Tables the various ferment preparations 
are designated (1) by the letter D or F, indicating whbUier they have been 
prepared from dried or fresh yeast respectively, (2) by the date of their prepara* 
tion, and (8) by the percentage of yeast (fresh or dried) used with rdeienoe to 
chloroform water 

It was found that moreasing the surface led to a distinot retardation m the 
mversion of cane sugar by invertase if the conoentration of tiu substrate was 
relatively high, and that of the ferment relatively low With a hij^ ferment 
conoentration the retarding effect was not noticeable, ^le following 
experiments are given 4s examples : — 


Jb^Mnnienf A 28 7.14, Irvmiom F, 22.7.14^ 100 per wnf 
Sucrose solution 19 6 per cent. Temperature 18^. fi0o.e. suctOM: 
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Surface Tension and Ferment Action 

Since in ell the following experiments relatively email ooncentratioaB of 
invertaee were need, ao that the process of inversion was slow, the efihot of 
the mutarotataon of glucose did not afibct the readings This was verified by 
special control experiments in which dilate sodinm carbonate was added to 
the solution before the readings were taken. 

The retarding effect of surface tension was confirmed in a number of other 
experiments It is not necessary to quote these experiments in detail, as the 
effect IS evident in the experiments given below which deal with the further 
analysis of the phenomenon 

In the action of an enzyme on a substrate one may distinguish two separate 
phases firstly, the combination of the enzyme and the substrate, and, secondly, 
the chemical change which proceeds m this compound of enzyme and 
substrate. A pnon surface tension may liave an effect either on the first 
phase or on the second pliase or on both 

We will consider first the possibility of surface tension action on the second 
phase of enzyme action. Just as the catalytic action of an enzyme has been 
likened to a lubricant producing its action by diminishing fiiction, so the 
effect of surface tension might be like that of a brake, retarding the process 
by increasing the friction If that were so, one would expect to find that 
retardation disappears when the brake is removed, 1 1 when surface eneigy is 
reduced to the dimensions which obtain in tlie control To test this point a 
number of test-tubes filled with beads were charged with the mixture of 
substrate and ferment After a given number of hours, when a distinct 
inhibition had become noticeable, the fluid (or part of it) was removed from 
one of the test-tubes filled with beads, and mversion allowed to proceed as 
usual in a test-tube without beads An example will make the arrangement 
clear. 

Exptnmtnt B 22 6 14 Invertaee D, 18 5 17, 10 per cent 
2*5 oc. invertase and 100 c.c sucrose, 20 per cent. Temperature of 


digestion 27** 

Without Beidt With Bead* 


Hoars 

doniaol tube 

TttbeU 

Tube 2a. 

"■ ■ 

Tube Sa 

^ilbel 

Tubes 

Tubed 

Tube+l 

0 

+ 12*00 




+ 12-00 

+ 12 00 

+ 12 00 

+ 12-00 

10 

+ 12*14 

i — 


— 

- + 12 00 

— 

— 

— 


+ 11 37 

+ 11 80 

i — 


— 

+ 11 88 

— 

— 

40 

+0 28 

+ 10-25 

+ 10 42 

j 



+10 67 

... 

09 

+ 01» 

+ 7« 

+ 7*7# 

+ 8*08 




+8 47 


In this particular experiment the inhibition disi^peored only partially after 
reducing the iuifooe energy. It is still evident after tiie imnoval of beads, 
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but not 80 marked as in the test-tubea in which Hie sorfaoe nmaiiMd 
extended Similar results were obtained in a number of other expetimentB, 
with other preparations of mvertase 

A very different result was obtained, however, in the following experiment 
earned out with the same preparation of mvertase but at a higher tempera- 
ture euid with a slightly lower ferment concentration 

£xpenmmi C 15 614 launtase D, 18514, 10 per eteU 
1 c c mvertase and 100 c c sucrose solution, 19*5 per cent 
Temperature 42® 


Without beadtt Wit)i bead* 

- - ^ A. 


liour* 

Ountrol tube 

Tiilx* U 

Tubel 

Tube 2 

0 



412-68 

412-03 

18 

— 


412 47 

— 

46 

06 

410 12 

4 0*03 

1 

4 

412 22 

412 40 

412 46 

412 *20 

90 

4 7 00 

412*09 


412 80 


Here the mhibition m the system m which the surface has been extended 
retains its full strength after the surface has again been reduced to the 
dimensions of the control 

The opposite condition was realised m only one experiment 

Experiment D, 20 5 14 IrvotrUm F, 28 4 14, 26 per cent 
10 cc mvertase and 100 oc sucrose, 98 per oent. Temperature 18®, 



Without bead* 

A.. 

With bead*. 

Houm 

0 

Oontrol 

+«*77 


TnbelA 

Tubel 

46*77 

13 

4-4 U 



44-08 

17 

48*90 



44 71 

87 

48 18 


48^ 

48 40 

48 

41*68 


48-26 

40 

41*81 


42-67 

— 

04 

40 as 


41-09 



Here the inhibitioD is almost completely removed when eurAoe vmgf is 
reduced. 

The oonclusion to be drawn from these expenments is that the mteedii^ 
action of surface tenrion on the mveitionof cane sugar by iuverteee ie made np 
ef two components. ^ One eomponent leavee system “^Qr^lHTfTtttf 
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iwohuiged when surface tension ceases to operate. The action ol this 
component would be in aooordanoe with ^ first alternative snggested above, 
namely, that surface tension acts as a brake on the chemical process which 
proceeds in the substrate under the influence of the ferment. 

The action of the second oomponent involves a permanent alteration in the 
system cane sugar-invertaee. How is the action of this oomponent to be 
interpreted? 

We have considered hitherto only the possibility that surfisoe tension 
inhibits the second phase of an enzyme action, namefy, the chemical change 
which proceeds m the substrate after it has become combined with the 
enzyme We may now examine what effect surface tension could have on 
the first phase of an enzyme action — the combination of enzyme and 
substrate. The question is then * Is it a pnon possible that surfeoe tension 
could inhibit the combination of enzyme and substrate, and if so, how can 
this possibly be tested expenmentally ? 

It IS a well known fact that ferments tend to go into the surfece layer, so 
that the- concentration of the ferments is higher on the surface layer than in 
the remainder of the solution This property of ferments is expressed by the 
statement that ferments are "surface active” By increasing the surface, 
therefore, more ferment will be driven mto the surface layer Cane sugar, 
on the other hand, is practically not surface active, and its distnbution m the 
solution will, therefore, remain unaltered when the surface is increased 
Theoretically, therefore, it would seem possible that by extending the surface 
a certain amount of invertase is dnven into the surface and thus prevented 
from combining with the cane sugar 

The point is capable of being tested expenmentally If new surfaces are 
created tfie ferment is, as just stated, driven mto the surface layer If, foi 
instance, a ferment solution is shaken so that foam is formed, the concen- 
tration of the ferment lu the foam is greater than that in the rest of the 
solution It now the foam is allowed to subside, the concentration of the 
ferment in the solution rises again, although the onginal value may not be 
resohed. But if new surfaces are created by the introduction of soUd 
substanoes, a second phenomenon may come into appearance The fennent 
not rmly goes into the surface layer bounding the solid, but may become 
fdherent to the solid, so that when the new surfsoes are destroyed by with- 
drawing tto solid, the ferment remanis adherent to tile solid and is withdrawn 
with it. 

This it the phenomenon of adsorptfam, uduob n exhibited in a marked 
degree by a number of ferments brought into o(mt8et vrith soUds mieh as 
tiuuecioal, ooltedloa memhranM, suspensions of mastix. It u not neoessary to 
Tou ixccm-HS. 2 r 
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diflouiB here the conditione on which adsorption diq>end& In eanneetioa witb 
the present problem the phenomenon of adsorption is of interest onlj in so 
far as it presupposes as a preliminary condidon a eonoentration of the 
adsorbed material at the surface of the adsorlung material It must also be 
borne in mind that such a surface eonoentration may occur without adsorption 
taking place, as in the case of foam, for instance, where the surface separates a 
gas and not a solid from the bquid. We shall, therefore, use the general 
term of “ surface concentration " to describe the oltSration of concentration 
produced in a system by altering the surface energy, and the term 
" adsorption ” in order to designate the special result which is caused under 
certain conditions by surface concentration If it can be shown then that 
under the conditions of our experiments invertase is adsorbed by glass beads, 
we would have evidence that the factor of surface concentration accounts, at 
any rate partially, for the retardation of the ferment action observed in our 
experiments If, on the other hand, no adsorption is observed, no conclusions 
can be drawn either for or against this possibihty, as one may conceive of 
surface concentration occurring without adsorpUon 
To test this pomt, experiments were earned out, in which mvertase was 
kept in contact with glass beads. Another portion of the same ferment 
preparation was allowed to stand m a test-tube by itself at the same 
temperature as a control After a defimte number of hours the ferment 
solution was removed from the glass beads and its activity compared wiA 
that of the control The former preparation will be desenbed m the Tables 
as “contact invertase,” the latter preparation as “control invertase” 

The following experiments may be given os examples of the results 
obtained * — 

» 

Abipmtnsnf JE 14 5 14. Iwmtate i), 6 6 14, 6 per eenU 

Kept for 03 hours at 38°, (1) in contact with beads ; (2) alime as eontaroL 

5 c 0 of each of these two preparations mixed with 6 cx suotose solution, 

6 per cent Digested at 88°. 


Honn. 

Ooatttot uiTertM 

Ooatvol iuTMFtaM. 

0 


^8*88 

6 

+ 8 U 

4-8*88 

87 


-0 88 


(Kota that in thii axpeiiiaMBt tlia wtant «( fmMiit wad for teTomaaio vwy Iseit.) 
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F 16.5.14 IrmrUm Pnparaitm same a$ m Premoue 
Mxpmmmt 

Kept for 26 hours at 41^ (1) in oontoot with beads, (2) alone as control. 
1 C.0 of each added to 10 oc sucrose solution, 96 percent. Digested 
at 18®. 


Houn 

Oontfeot invirtnae 

Oontvol i&TcrtMd 

0 

+8*78 

+ 6-70 

19 

+S*M 

41-99 

42 

4-0 aa 

^0 S2 


It will be noted that there is a marked effect in both oases, and that with the 
longer exposure of the ferment to the beads, the disappearance of the ferment 
becomes more marked. 

The efibot of temperature will be seen from the following experiment — > 

JShqienment G 7.7 14 Invertate D, 30.6 14 

Kept for 22 hours, (1) in contact with beads at 18°, 29°, and 40°, and (2) alone 
as control at the same temperature 1 o.c of each of the six ferment 
solutions added to 10 o c. of sucrose solution, 9 per cent Digested at 30° 


Hottiv 

18*^ 

29® 

ay 

Contact 

tnvcrtoie 

Oontiol 

Contact 

inrcrtaiic 

Control 

Contact 

inTertase 

OontETol 

0 

Mi 

4-6 m 

4-S-78 

4-6 90 1 4-6-00 

4-1 70 j 4-8-87» 

+ 6-00 

+i-e7* 

+ 6 00 
j +4 4«t 

+6 00 

+ 8-74+ 


* Bsuained hsU an hour latrr than tabM kept at 18^ 
t Xzaaiued ope konr later than tubee kept at 18^ 


This experiment u of interest because it shows, m addition to the dis* 
•ppearanee of inYortase owing to adsorption, a destructioa of the fennent evmi 
in the control at higher temperatures (40°). This destructive effect is 
apparently enhanced by increasing the surface. This effect would explain 
the reeulte obtained in Experiment C (16.6 14), where there was not only 
an almost oomplete inhibition of the action of the ferment, hut where this 
inhihftion perelsted even after the factor of surface enngy was again removed. 

The experiments just qneted, whioh were earned out with two different 
piepamtions of mvertase. gave a distinctly positive result with reference to 
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adsorption With two other preparations no evidence of adeorptien was 
obtained The following expenment u g^ven aa an example — 

ExponmerU H. 20 5.14. Invertem F, 23.414, 25 per cent. 

Kept for 20 hours at room temperature, (1) m contact with beads, and 
(2) alone as contiol 1 co. of each added to 10 cn. snoroae solution, 
10 per cent. Digested at room temperatura 


Houn 

Contact lUTcrtaM 

Control 

0 

+6*77 

+6 77 

IS 


•fS-Si 


+ 8 68 

H>8 85 

89 


^2*79 

46 

1 +1-76 

68 

90 

1 81 

-^0 86 

1 


This expenment should be compared with the results obtamed in Expen- 
ment D, m which the same preparation of mvertase was used In this 
experiment the inhibition produced by increasing the surface disappeared 
again when the surface was reduced to the dimensions of the oontroL 

The same absence of adsorption was observed with a second preparation of 
mvertase This preparation showed the usual inhibition of tta action by 
surface texuuon, and asm the previous case this mhibibon disappeared in two 
experiments when the factor of surface tension was removed. In a third such 
expenment in which less mvertase was used the inhibition persisted 
partially 

General Bmarke 

The observations demonstrate that the action of mvertase on cane sugar is 
retarded by moreasiug the surface of the system. Ibey show furbier that 
this retardation is due partly to a surface oonoentration effect, the surface- 
active ferment is driven mto the surface and thus prevented from combining 
with the aurfaoe-maotive cane sugar If one looks upon the oombinabtm of 
substrate and ensyme as a surface concentration effisot. as BayUss does, one 
can readily underatand that this combination can be inhibited by tiie same 
force acting m the opposite direction, so that these observations form 
incidentally a confirmation of the conception fomulated by Ba^Sss. 

A question which cannot yet be answered with certainty is udietiMhr ti» 
retardation observed in these experiments can be explained oatiteljr as a 
surface concentration effect, or whether snrfaoe tecmCn acts also by letiodiiig 
the chemical process taking place m the attbsttala,tiiati 4 ^eseooiidpliaaecf 
ferment action. That surface tension retards certain eheadoal proesunat ftir 
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instance, the formation of chloroform from chloral by alkali, u a well known 
fact In the present case it has been found that the action of mvertase on 
cane sugar may be retarded even although the effect of adsorption is not 
noticeable under the conditions of the experiment It has also been found that 
in 8(»De cases the retardation disappears almost completely when the mfluence 
of surface tension is removed after it has been operative. Observations such 
us these would be most readily explained by assuming that the second phase 
of ferment action has been inhibited by surfkoe tension and not the first phase. 
But even when there is no evidence of adsorption we cannot exclude the 
possibility of surface concentration occurring without adsorption In other 
words it seems possible that the ferment goes mto the surface layer of the 
liquid without becoming adherent to the sobd and without being removed 
with latter Such a condition would also explain the oljservatinns referred 
to above 

We have convinced ourselves by a number of preliminary expenments that 
the retardation by surface tension is a phenomenon shown by other ferments 
bemdes mvertase The conditions in the case of other ferments have not been 
studied by us in detail But it is evident that the effect obtained may difler 
with the nature of the ferment, of the substrate, of the prodnots of ferment 
action, and of the surface If for instance the substrate itself is surface active, 
the oonditiocs will differ markedly from those which obtam when the 
substrate is surface inactive 
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ByW Ciuufnt. 

(Conununioated by Sir Edward Schfifer, F.B.S Beoeived Maroh 17, 1910.) 

Although it 18 known that many ohemioal procesaSs takug place withm the 
cell are due to the actions of ferments, and although we can in many oases 
separate these ferments from hving protoplasm and study thmr actum in 
mtro, there still remain considerable discrepancies between the ptocesses as we 
see them occur in mw and as we study them in vitro One of the most 
cbaractenstu) features of the processes taking place within the living oell 
18 what, for want of a better term, may be called their “ adaptabUity,” tiiat 
IS the delicate sensitiveness with which they respond to very slight changes 
in the surrounding medium by being retarded, accelerated, or reversed It 
IS known, of course, that the action of ferments is uifluenced by changes m 
temperature or in tlie alkalinity or amdity of the surrounding medium But 
in the case of the living cell these factors remam piactioally constant, so that 
their influence can be excluded We know, too, that many reaotioiiB brought 
about by the action of ferments are reversible, and that the direction in which 
the ferments act depends upon the concentration of the vanous subatances 
entering into the reaction But here again these differences are of an order 
of magnitude far greater than the variations which exist in tlie hvu^ 
orgonism It is noteworthy, too, that the equihbnum of a reaction brouj^t 
about by a ferment sepaiated from living protoplasm lies almost always near 
the point of complete hydrolysis, and oontrasts in that respect markedly with 
the behaviour of the same ferment when its reaction le studied m the living 
cell, where the reverse process may be found to occur or where very mmnte 
changes in the surrounding medium are sufficient to tranrfer the point of 
equilibrium from hydrolysis to synthesis 

If we take the liver oell as an example we find that the hvmg eell een, 
with equal readiness, transform glycogen into glucose and glimose into 
glycogen If the liver is removed from the body a marlced glyoogenolysts 
oeours, so that a marked amount of sugar is formed, s^e the poww to 
synthesise glyoogen appears to be almost completely ii^iUted. In ot)ier 
words, the equilibriuro point lies now near idie point of complete hy&N^so. 
The same takes plaee if an extract of the hver is allowed to sot on gljwogett 
or on gluoose in the concentrations found in toe hlood. It is Icnown toto Hw 
formation of glyoogen in vm occurs when the percentage of Ueodwogiris 
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relatively high, and the reverse process when the blood-sogar ooneentiation 
falls. But the differences in the concentration of the blood-sugar which 
accompany these processes are too slight to be an adequate ezplanalaon in 
themselves, especially if we compare them with the huge difference of con- 
centration necessary to effect the reversal of a ferment action tn mtro 
Moreover, when the liver is removed from the body the formation at such a 
large amount of sugar takes place that the hydrolysis of glycogen should be 
inhibited if the concentration of the sugar was the mam factor Nevertheless 
the glycogen under these conditions completely disappears. Hie dis- 
appearance of glycogen from the liver in the living animal as the result of 
“ sugar puncture " or undei the influence of the tigroid hormone cannot be 
satisfactorily explained on the ground of changes m concentrations of the 
reaotmg snbstanoea 

In order to explain the predominance tn vtvo of the synthetic power of 
ferments which tn intro act almost entirely as hydrolytic agents, the assump- 
tion has been made that tn vtvo the products of synthetic action by a ferment 
are withdrawn, as they are formed, from the sphere of action, so that the 
equilibrium is always being disturbed in favour of the synthetic process If 
we take the liver again as an example, we find that with the ferment aotmg 
in mtro the equilibrium point lies near the point of complete hydrolysis 
That means that a very small amount of glycogen can be synthesised by the 
ferment, even tn mtio But since the glycogen thus formed remains ip 
solution the reaction stops when once this point of equilibrium is reached. 
In the cell the slight amount of glycogen synthesued by the ferment is 
deposited in an insoluble form as it is formed The equilibrium is thus 
disturbed and another slight amount of glycogen is formed. In other oases 
it is assumed that the product of synthesis is removed by diffhsion or ezcretimi 
or carried away by the tissue fluids 

Now this consideration may account for the fact that ferments whioh show 
only a siigiit synthetic power tn vtfro have a marked syuthetic aouon tn vtvov 
It is doubtful whether this explanation can be applied in every case. It 
certsinly does not explain the "adaptability” of the cell, the readmess with 
which the cell metabolism responds to slight changes in the environment It 
does not explaini for instance, the ease with which the liver cell regulates its 
glyeogSBio fimotio& in the one or other duraotion, why a difference of less tium 
9*1 per cent, in the ooncentration of the blood-sngar detorminee whether 
syntheiis or hydrolysis ci ^oogen is to take place, orwhy tiie ‘'{dquure” and 
the thyroid hormone ptedaoe a *• mobOisadon ” Of gdyoogen. 

in is olacr, thsMlore, that there are taetors oondi^ing the aottons of 
fdraiMlhti eritfam the cell whioh do not emne into pky srhon w« stiidy the 
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actions of these ferments in vtfro under the usual conditions^ and which have 
therefore escaped observation. 

If one compares the conditions under wbidi chemical proeesaeB pmoBcd 
in mvo with the experimental conditions under which the same processes are 
usually studied m vUro, one finds as tiie most obvious difference that in die 
latter case the influence of surface energy is reduced to a minimum, while in 
the former it is developed to a maximum. In vtpo there are interfaces 
between cytoplasm and the surrounding mediunT, cytoplasm and nnoleus, 
cytoplasm and depbsits lu the cytoplasm, besides the mterfaoes presented 
the various colloids constituting the cytoplasm. In the conditions usually 
obtaintng in experiments in mtro all these sources surface energy are nmi- 
existeut , only the colloidal nature of ferment or substrate may give rise to 
surface-tension effects, as they do, of course, also withm the cell. 

The question is therefore whether surface-tension efibcts (apart from those 
possibly caused by the colloidal nature of ferment or substrate) are factors 
conditioning the action of ferments It was found that when this factor of 
surface tension was introduced by allowing the reaction to proceed m a test- 
tube filled with glass beads or in a capillary glass tube, so that the 8 at|face 
was moreosed, the action of mvertase, diastase, and hpase waa di 8 tui(ptly 
retarded. ' ^ 

A detailed account of the results observed with mvertase is given m the 
preoedmg paper. 

Farther analysis of the phenomenon showed that the two phases whudi oan 
be distmguished in the action of a ferment are probably both suttjeot to the 
influence of surface tension, firstly the combination of substrate and ferment, 
and secondly the chemical reaction which takes place m die substrate and in 
which the ferment acts as a catalyst. 

While these observations establish the pnnciple that ferment aotion is 
conditioned by surface tension, they oan only giveafamtand moomplete idea 
of the degree to which this factor controls the aotion of ferments within dm 
cell For, compared with the immense develppment of sorfaee which obtains 
in the living cell and the living organism, the increase in surface energy inn- 
duoed by the presenee of glass beads m the mixture of ferment and subetrate 
18 very small It must also be home in mind that the experimental eondi- 
tions deal with sortaoe tension between glase and a watery sohitioa, whUe w 
mtiii sarfaoe-tonium effects are produced betwemcolloidel colutionaid Cerent 
oomposition, membranes, colloids m the form of gek, and ee iQrth, leetly, 
the etfeot of surface tension may vary with the nature of the Isonent^ of the 
Bubsteato and of the products of ferment notion, aceerding to the "sastsoe 
notivity " of these substances, is, their property to lower swfeee tmioiv 
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The first general oonolusion whioh ma^be drawn from these oonsiden^ons 
is that the great surface development in the cell or the organism prednoes 
eonditions which markedly aHhct the action of ferments tn tmw when oompoted 
with their action m vUro 

We may now conuder in some detail in what way this snrfeoe development 
exercises its effect with regard to the metabolism of the oelL We find then, 
firstly, that different parts of the oell preeent diflbrent conditions for the 
action of ferments Surface tension is operative at the periphery of the oell, 
at the interface between oell and the surrounding medium There the eon- 
ditions for ferment action will differ from the conditions presented by the 
interior of the cell But even in the intenor of the cell, oondittons in the 
protoplasm surrounding the nucleus, vacuoles, granules, etc , will differ from 
those presented by the rest of the oytoplasni We must then conclude that 
ferment action will not proceed evenly throughout the cell It may be retarded 
or inhibited in one part of the oell, while it is proceeding actively in another 
Whether it oan even be reversed as the result of snrfece tension is not yet 
clear from the experimental evidence before us In this connection reference 
may be made to the work of Warburg, who has demonstrated that the 
oxidative prooesses in the cell are dependent on the structural parts of the 
cell and not on the fliud cell oouteuts 

We have hitherto assumed, for the sake of simplicity, that the surface 
tension of protoplaam is constant But we know that it is always changing 
as the rasult of chemical processes leading to tlie formation or disappearance 
of surface-active substauoes In cells with free surfaces, such as unicellular 
organismt for instance, these fluctuations in surface tension result in the 
decrease or increase of surface* they become manifest in the form of 
movement. Amoeboid movement and ciliary movement liave long been 
reocgitised as surface-tension efihots The existence of such changes m different 
physiological conditions of a unioellolar oiganism has also been demonstrated 
recently by MaoCallum, by a micro-ohemical study of the distnbution of 
potassium salts withm the oell 

Bimilar changes must oocur also in cells aj^ftegsted in oell masses or organs 
But here, where the surfaces are not free, and possibly less elastic, and where 
the cell cannot extend or diminish its snrfece except to a Iiimted extent, the 
testiit 18, not movement, but alterations in the concentration and composition 
of the suhstances oonsixtuting the surface layer of the oell, and this leads to 
further alterations at the oell metabdinn. , 

Thus surface tension oonditimiB cell metabolism, and u, m tom, also con- 
ditkpred by the metabolism of the cell. Qhemioal changes within the uytoplaem 
may lead to the formation or diMppeaianoe of Murfece-aetive substanees 
VOU {«X3CVtU.->B. 2 z 
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or to variations in tbeir oonosntraUons. And itnuqf be jMUited out 1 mi» that 
sarfaee tension is sflboted b^r very slight quantitnB or ohanges io ooiioaBtra> 
tion of 8urfaoe* ** active snbstances, particularly when the initial oooceatiatian 
IB low. Or interfaces may be formed, or disappew, as the result of cdiemiiMd 
oliaages, or become extended nr shortened, and thus affeet agam chemioal 
changes, just as in the experiments with invertaaetbe leactum was mflimneed 
by extending the surface “ glass ” through the watery solution We thus get 
a conception how the cdl regulates and controls its metabolism, how a chemioai 
change may accelerate or retard other chemical processes which may have no 
cliemioal relation to it and which m vitro would remain nnaffiscted by 
it It is thus possible to explain the chemical organisation of the cell 
without having to postulate, as has hitherto been done (Hofmeister, 
Hans Meyer), the existence of hypothetioal membranes m the cytoplasm 
which are supposed to separate the different chemical systema 
The validity of this conception of surface tenaum and snrfeoe eneigy as 
factors controlling cell metabolism is capable of being tested expenmentally. 
For, according to this idea, substances whudi do not affeet the protoplann 
chemically (that is to say are neither bases nor aoids, neither redncing nor 
oxidising agents, etc ), but which are strongly surface active, should markedly 
affect the metabolism of the oelL That is actually the ease The condition 
of narcosis in which the metabolism of the cell t> profoundly affected is 
brought about by substances which fblfil these postulates. They do not affeet 
the protoplasm chemically and they are all strongly surfaoe^tive ; there la 
even direct evidence that these substances influence the action of oell fiermaita. 
For Chian has shown that in the excised liver of anostbetued animals tiie 
process of autolysis proceeds more rapidly than in tiiehv«r of nonnal animals. 
And Gmgnard has demonstrated that tbeeflbetof onaertbctieemilaurti leaves 
IS to release the action of ferments, as endenoed by tiie production of hydro> 
cyanic acid.* 

* la Older to avoid mieundentanduge, it may be pomted out here timttheeeBalMteaeea 
in addition, most be capable of peaetMting into tiie otiL Ihqr do eo by virtue of their 
Holubility in hpoidi, aoaordiag to the Heyer-Overtoa theory, or hy vurtue of tiMr 

** HaAdmok," aeeordiiig to J. ^ube. ^Mee theatiee ot aaraoeb easMe ue to ondeistaad 
q.t»iit{tative differenoes m the etrength of different nMootueor mtiwfaraietMaoadUbnBt 
tiaeuee. But they do not enable ue to undoiutaad how they act upon eell metabdton in 
euch a way aa to bring about the atate of aarooaiB when they have penetrated into tiiS 
otilt end it la thia qneetion which le bring oonriderid in tUa paper. 

Bane Meyer hnnerit raoogniaed tine, and put forward aa a further eephmstieu. the 
aHomptian that narootios aoften the hypothetic lipoid meabteiMa wUeh snneoBdeBah 
nwleoule of ferment and eubetrate and keep than iHpnrt under aorataloondllieBa. OOan 
(Rdbw, Manafeld) Oiirber) have put forw^ dfisrant IqTpothinie to ritplailr the tints ef 
naroeshb 
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We amve at a similar confirmation of ^erelatiou nf Hurf^-active sabstanoeB 
tu oell metabolism, when we exauune the Bubstanoes which, as Loeb has diown, 
affect the metabolism of unfertilised ^gs m such a way that they either 
produce oytolysis or, under oertaiu conditions, incite artificial partheno* 
genesis The substances which belong to this group— narcoticB, saponin, 
soap, bile salts — are all substances which are stronglj surface active 
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father was tlie youngest of four sons of Josej^ Jackson Lister, F,R S 
The second was Joseph, afterwards Lord laster, the founder of the modem 
system of surgery, and past President of tiie Royal Society There were 
three daughters uho all married and had children. 

The family had belonged on both sides, and for several generations, to the 
Society of Fnends His mother was of Indh extraction, the daughter of 
Anthony Hams, a sea captain, whose home was at Maryport, Cumberland, 
and who owned and suled his ship, she had before her marriage been a 
teacher at the Friends' School at Ackworth. 1 can remember her as a dear, 
dignified old lady, dressed in the subdued, harmonious colours of the Quaker 
garb, and muslin cap of the proper out 1 thmk I remember (I have 
certainly been told of) her taking exception to some full “ bell sleeves " of 
one of my sisters as “ superfluities ” 

My grandfather I clearly remember as a benevolent-lookup, handsome old 
gentleman, olean-^ven except for short side whiskms He was very active, 
even in old age, and I con recall him in his Quaker coat, with the collar not 
turned down, running backwards on the lawn of his garden while I, a Mnall 
lx>y, vainly endeavoured with my utmost efforts to overtake him He had 
entered his father’s busiuees of wme meroliant m London, and quite early lu 
life found himself in a position of comparative affluence. His family was 
brought up and he remained living, full bu death, at Upton House, in the 
parish of West Ham, then a rural suburb of London on the skirts of Hainault 
Forest 

It was at Upton that my father was bom. There was a beautiful and 
large garden attached to the house, with two very fine cedar trees beyond the 
lawn. He employed part of his leisure with investpations on the opbcal 
properties of different kinds of glass, and on oombinatums of Imises. which he 
ground himself. Tins led to his discovery of the true principle on which 
compound lenses should be constructed — an important step in the great 
modern advance in miorosoopy. This discovery brought him into touch 
with several of the foremost scientific men, botii Enghsh and French, of 
the day. Prof. Owen was a frequent visitor, and delivered acceptable 
draving*l(kun discourses bn matters zoologioaL 1 remember being intr^nced 
to the great man in later years and the kindly interest be took m me as the 
gcaadaea and namesake of his old fnend. Sir J<dui Hetwfeel amd Edward 
FwIms ware alao friends cd the famRy. The meetings of the liritish 
Aaiooiation, then in its infeney, were frequently attended. 

So there ww fdie breath of « larger and enltivated wodd hi tin environ- 
ment of the young peo^e as they gnw up, in addition to the etiictreiigiiHW 
atnespheie whuh their parents, at any rate in matters of oonduet and 
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Friendly tradition, were careful to maintain. My impression is that leas 
stress was laid on doctrine, and I bebeve that my grandfather had, at the 
time of the expected invasion of England by Napoleon, gone through some 
tnunittg as a volunteer 

From his early boyhood and throughout his life, my father was an 
enthusiastic ornithologist. As a boy he used to wrap flannel round lus 
shoes and steal silently about the garden shrubhenes, watching the birds 
and learning the oharacteristio notes of the spemes. He pored over White's 
* Selborne ’ and Bewick's ' British Birds,* and essayed Inmself to make wood- 
cuts copied from the well-known beautiful iHustrations of tlie latter woik 
He used to recall the thnll of pleasure with which he received from his 
father a set of proper engraving tools and some blocks of boxwood for this 
purpose Some of ins copies of woodcuts are quite remarkably excellent 
for a boy of 13 In later life, and until hia hearing b^an to grow dull, my 
father's power of recognising birds by their notes was most exceptiomd 
On country rambles with him one knew that, whatever topic was to the 
fore, and however mterested he might be m it, part of his mmd was ever 
keenly on the alert to the doings and songs of the birds He would suddenly 
stop, listening, and then he might resume his walk with the words, “ Perhaps 
only a yellow-hammer." But generally if he stopped there was something 
of interest " A cirl-bunting,'' he would exclaim, " a snipe drummmg," or 
"a grasshopper warbler" — or what not ^ — and at once the telescopes of the 
party would be turned to see the bird, if possible ; though verification by 
Bight was rarely necessary if he had heard the note distmctly 

He followed his brothers to the Friends’ Sohool at Hitohin, kept by Isaac 
Brown, who, himself something of a naturalist, encouraged his taste for birds 
and started him on a collection of mosses. I think it wsa from him tiiat he 
and his brother Joseph learnt to repeat Latin verses, m the old pronuncia- 
tion of course, and with a migestio rhythm which 1 have never heard 
equalled in the new. 

From Hitohin he went to the Friends’ Sohool at Qrove House, Tottenham, 
but It was not long before (at the age of 16) he was removed from school, 
and according to the Fnends’ custom in those days, when Univmsity degrees 
were not open to them, was '* put mto business.” He vms apprenticed to a 
firm of maantaotanug chemists. With them he learnt what he might, both 
at their London place o! husmess and also, what was mndi more to my 
father's taste, at their nursery grounds at Ampthill, Bedforddihre. But, hto 
apprenticeship ended, he was placed by bis &ther as partner in a wool 
merchant's firm m Bradford — filling a vacancy caused 1^ the retuement of 
William Edward Forster, afterwards Mmnber for Bradford and Chief 
Secretary for Irdand. While working at Bradford he bad badidor lodgings 
at Baildon and keenly enjoyed bu wild ramldes over the moon. While hen 
he read much poetry and otiwr literature. Hehadagoodmemoryfotpoetiy 
and knew a gnat deal by heart Milton’s eomiets and shorter poedii vnm 
iavounteo, and many of the poems of Burns, Kielley, and Moore. He \aaew 
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hi8 Shakespeare well, and delighted in Wordsworth He often repeated the 
lines, and they tunch the keynote of hu life, from the poem on Tintem 
Abbey, beginning — 

“ And thu prayer I make. 

Knowing that Natare never did betray 
Tile heait that loved her , tie hei pnvilege^ 

Through all the yeara of Ihui our Ide^ 

To lead from joy to joj ** 

Tlie “ Odo to Duty " (in part), the “ Happy Wamor ” and the “ Lessei 
Celandine” were also great favountee. Many of the Odes of Horace and 
some passages of Virgil he had by heart, and loved to repeat Hia ear for 
music was very ourrect, and he had great enjoyment in it when it was well 
played While at Bradford he learnt to play the Ante, with fine feeling, 
though he would veiy larely, and in later life never, mdolge his family by 
playing He also took lessons in drawing and pamting from a most 
excellent teacher, Mr James Lobley, whose mstmotions to a drawing sifiiool 
at Bradford received the warm oonunendatum of Mr. Baskin. From him 
also bis elder children and other members of our circle reoeived lessons of 
lasting benefit 

My father had a high appreciation of pictorial art. Frederick Walker's 
pictures and some of Millais’, in his Pre-Baphaelite stage, received periwps hu 
warmest admiration In his earlier manhood he practised the gentle art of 
sketching from nature in water-colour with much succesB, and assiduouBly 
trained hu elder children in it, being always most kindly appreoutiveof their 
efforts Fidelity to the thing os you see it was the end to be aimed at, and 
any departure in the direction of an ideal rendermg reoeived scant encourage- 
ment. As bis children attained, m some oases, some higher degree of 
proficiency, however, hu own efforts ceased 

At Bradford, too, he first made the acquamtauoe of Susanna Tindall, 
daughter of WilUam Tmdall, of East Dulwich, who, lu 1855, beoame 
hu wile He soon (in 1857) resigned hu place m tiie Bradford firm and 
suooeeded hu father, then retiring from biumess, m the firm of Luter 
and Beck, wine merchants, at 5, Tokenhouse Yard, London. He was a 
representative of the fourth generation of hu family in thu firm The 
young family settled at Sycamore House, Leytonstone, on the border of 
Eppiug Forest, and within easy reach of hu father’s house at Upton, and the 
homes of two of hu married sistets. 

He soon made himself master of his business, and his advice luid opinion 
were highly valued among wine shippers and merchants. 

He was at this time much devoted te shooting and fitiiing. He was an 
excellent shot and was a welcome member diooting pwties of his 
Inendb. But the shooting be liked best wae a long ramble with a fnend and 
dogs, but without heaters, over some wild tract of oontttiy, with a mixed 
bag aa tiie result. He and his brother Joeeph, then abeorbed m hu early 
observationa and expenineuts on phynology and surgery, often arranged 
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to spend part of Uieir sununer hohdays together at some remote fishing 
resort Bat he was keenly interested in all his brothel's work, and hw 
expenmontB, cases, and improved methods of treatment were described, 
discussed, and eagerly canvassed, step by step. 

In the summer of 1866 my uncle Joseph and his wife joined my fatlier’s 
family for a summer holiday at Torquay My father tlien iirat entered on 
the study of Systematic Botany with his brother’s assistance, he having laid 
a voiy good foundation under Luidley, I*rofoB8or at^Univeisily (loU^, in 
the course of his medical training 

From this time onward sport passed inure and more into the liackground, 
and was mMn entirely given up, though tu the und of lu$ life he loved to 
handle his guns 

From fiowermg plants my father passed on and resumed his study of 
Bntisli mosses, making exquisite water-colour drawings of them under the 
microscope with the aid of the camera lucida The uae of the camera lumda 
m nucroacopic drawing he habitually practised in all his work Each 
drawing had the magnification indicated, so that the exact size of the 
structures shown could be easily ascertained Even a rough sketch made in 
this manner, with the outhnes hastily traced, may be of permanent value as 
a record of the size, shape, and relative position of the parts displayed Hia 
own drawings so made, with bold, clear outhnes, and the tmts and li^t and 
shade indicated m washes of water-colour, are models of load illustration. 
He regarded this as a great and too muoh neglected aid m botanical and 
zoological departments of study With a haif-whimsical perversity he would 
often make the most beautiful drawing on some scrap of lined paper, and it 
was then tnmmed into an odd polygonal shape, to save space, and gummed 
into hia not6*book A olean sheet of drawing paper was regarded as some- 
thing BO sacred that only the more elaborate illustrations bad a chance of 
being feirly displayed It was only by muoh scolding tliat his daugbtera, as 
they grew up, succeeded in effeotmg a partial reform. 

In this manner, as he extended his mvestigations to the study of lichens 
and then to moulds and other fungi, he aooumulated a store of aoonrate and 
beautifully lUustrated notes which were of immense value to him in his 
work 

In studying the specific diaraoters of fungi his power of accurate drawing 
was of especial value to him, because of the evanescent cdiataoter of tbit 
class of plants and the difficulty of preeervii^ tiiem He also invented a 
simple and moat effective method of recording the obaracters of the gills and 
the colour of the spores of the Hymenomyoetes. Tlie piJeoe ia out off at tim 
Bumtuit of the stalk and laid overnight on a olean piece of blottiBg papw with 
the gills downwards, being coveted with an inverted wme ghas or othra eovm^. 
In the case of dark-spor^ fungi the blotting paper need le white, wlule for 
whito-spored species a tinted pap|»r a employed The' following momti^ the 
spores which have been produced^ in multitudes dating the n%ht and feUen 
in the still air, directly downwards, are found to haye defined witii ezqnieiie . 
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preoiBion the arrangement of the gilla. A wash of gam and water on the 
b|Mk of the blotting paper sets the spores, and a beautifal self-reoorded 
“ sporogiaph,” or picture in its own spores, of the under surfooe of the pileus 
IS obtained. 

His brothei and lus wife came each year from Scotland to spend their 
Christmas holiday at Leytonstone or, later, at Lyme. Much time would be 
given, if frost permitted, to skating, which they ‘both keenly enjoyed, or to 
forest walks, in the company of the children and their cousins But all the 
notes and drawings of the work in hand would be shown, room would be 
made at a table for a second micioscope (which liad been their father’s and 
was always referred to as “ Augustus”) mid thetao brothers wonld pursue the 
invesUgatious together, often even skipping about the loom in then whuh>- 
heartod joy at the unfolding revelations 
About the year 1879, when working at hohens, and desinng to read Stahl’s 
important papeis on their strange doable nature, he set himself, with his 
eldest daughter’s assistance, to learn Gierman This was entered on with 
charaotenstic vigour, his brother gladly particijiating, when on his holiday 
visits. Several of the poems of Goethe and Schiller were committed to 
memory and repeated with great enjoyment 
My father’s fnend, Dr D H Scott (''dear Scott” as he used to call him), 
has borne testimony to the thoroughness of his work at lichens During a 
visit to Leytonstone he says, ” The conversation turned on the question of 
the fertilisation in lichens, as described by Stahl, on whose couclnuons some 
doubt had at that time been cast by the school of Brefeld It then turned 
out that Mr Lister had fully investigated the subject foi himself, he 
showed the writer a series of drawii^ of the reproductive processes in 
OoUema, which went far to substantiate Stahl’s views, smoe strongly confirmed 
by the work of Baur and Darbisbire." * 

While hts nephews and older son were in their boyhood my father was an 
enthusiastic collector of British Lepidoptera, and delightful evenings were 
spent in sugaring the trees in his own garden and m Epping Forest This 
was done in part to encourage a love of natural history m the boys, but 
latgdy also from his own love of these exquisite produots of Nature's 
workmanship His other excursions on the /oological side of the border, 
apart from tlie Myceto/oa, were mainly concerned with such animals as he 
met in the ooarse of his miorosoopioal work There are, however, aoourste 
drawings of his of the asoidian Feti^hora luttn found washed up in a storm 
on the beaoh at Lyme, He was partioukcly interested in this speciea becanse 
It bad been one of tlie objects investigated by his hither, after whom it was 
named. With one of the new lenses oonstroeted by himself he had been the 
first to observe the remarkable reversal in the dirMtion of the heart heats 
now known to be oharaoteristio of asoidane f 
When my parents settled at Leytonstone it wae still a comparatively 

* * Joutnal of Botany,’ Octobor, 1906, p. 383 
t ‘Fhil Tt«na,M6M,p 365 
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rural neighbourhood Now greater Loudon has partially engulfed it, though 
the boundary of Epping Foreet happily bare its further advance m this quarter 
A pleasant garden and ti held for cows were attached to the house. To accom- 
modate the growing family additions were mode to the liouae, luomly from my 
father’s own designs, and an agreeable set of rooms was arranged, two studies, 
an intermediate room, and a workshop where the growing collections were 
boused and his work was done In 1 871 he acquired, with his brother, the 
house Highcliff, at Lyme Kegis at the far western end of the Dorset coast The 
fine diversified oonntry with glorious coast soeueiy of this neighbourhood gave 
him constant and deep pleasure He laid out the garden afresh with marked 
success, and made alterations and additions to the house, agsdn from his own 
plans Here some of the cooler mouths were spent ouch year with keen 
enjoyment by ray father and his family Unless visitors were staying in the 
house and some larger expedition was jdanned, the morning, and often the 
early afternoon, would be spent by him in scieutihc work, but time was 
always allowed for some long country ramble with hia children before dinner- 
time — or rather Iwfore dinner — for his enjoyment in the out-of-door life 
was so great that he was not a model of punctuality Until the later years 
of hiB life he would return to the drawing-room after the pipe uhioh followed 
dinner, and read aloud himself or listen to reading. He was an excellent 
reader both of prose and poetry Novels he enjoyed if not too analytical of 
" poor human nature.” Scott was a favounte, and Stevenson and some of 
Wilkie Collins’ Kipling’s ‘Jungle Books' he greatly eiyoyed, biography 
and Ixioks of travel weie also welcome Later in hfe. however, he preferred 
to remain in the smoking-room, and then one of his daughters remained 
and road with him. Huxley’s ‘ Essays,’ works on Geology and Astronomy, 
and a good deal of other fairly stiff readmg were gone through and well 
digested by them 

The other months of the year were largely devoted to basmess and the 
public semoe. As he was able to share the burden of hu business with bis 
partners and liad more leisure, he took up a vanety of pubUo work In his 
own religious body he served as clerk to the montlily meeting, adxmnistenng 
the business of the Society, and taking a leading part on educational and 
pinlanthropio committees He never spoke in meeting (te in weetuigs for 
worship) though he took his turn as reader m the Bible reading with which 
the Sunday morning session began He ohose hts seat at the end of a bench 
near a doorway looking straight out southward into the meetmg-hoase garden 
(a but little modified piece of forest land) so that the contemplation of the 
outer world mingled with his inner reflections I think there must still be 
the marks and dates, cut after meeting, with hie knife m the floorolotb (rather 
to the scandal of some members), showrag the positions reached Iqr the diadow 
of the top of the doorway at noon on mid-winter and mid-sammer Sundsye— • 
the lattei close to the door, the former, of course, far baok in the room. 

He was a very active member of the West Ham Sohool Board, and it was at 
his initiative that the Truant School at Fyfield, near Ongsr, was built 
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and equipped. This enterprise he carried through with all hu strengtii and 
enthusiasm. He regarded it as of the highest importance to be able to deal 
with truant boys with rigorous stnotness, bat also to keep them ancon' 
taminated by the criminal associations to which they were subject in 
industrial schools Ho took great pains in the selection of teachers and 
endeared himself to them by the sympathetic interest he took in their labours 

He was an active and valued member of the local bench of magistrates, no 
sinecure in a districc including a large East London element He was glad 
to work hard, often sitting in the courts three days a week dunng the summer 
and early autumn mouths, and his brother magistrates gladly acquiesced, in 
their turn, in his absence at other limes of the year He also gave much time 
and attention to the work of the Essex County Council 

KotwiUistandmg these varied activities he was able to cany on a good deal 
of scientific work even at Leytonstone Epping Forest and Wanstead Park 
m the immediate neighbourhood furnished fine hunting grounds On moving 
down to Lyme m middle or late autumn he looked forward to months of 
continuous and happy scientific labour undisturbed by pubbe cares 

His third daughter, Gulielma,as she grew up, became his especial compauion 
and assistant m his scientific work, and all his natural lustory pnramts Slir 
easily acqmred his bird lore, and became at least as skilled an observer as be 
Her training, at Bedford College, had given her a good grounding in systematic 
and structural botany, and her fine skill as a draughtswoman was an mvaluable 
asset in their common labours 

While working at moulds and other fungi my father had met with repre* 
sentatives of the Myoetozoa m their sporangial stage Now regarded as a 
group of ProtoziM, they were at that time usually dassified with fungi. Their 
remarkable hfC'history soon engaged lus eager attention He watched the 
hatching of the spores into the ^gellate active stage, the transition from 
fiogellula to amcebula and the fusion of these to form the creeping plasmodia, 
the sclerotial stage of this and the final development of the plasmodium into 
spoiangia. He became very skilful m dealiag with these oiganisms, m the 
various phases of then hfe-lnstory 

While hunting one day, in the winter of 1876-7. in Eppmg Forest he 
came on a mass of the bnlhant yellow plosmoihum of Badhamm utneularig, 
which has the habit, almost unique in the group, of feeding not on dead 
vegetable mattei but on certain liviug fungi. It was spread over a growth 
of the fungus Stmum htrstUum which hod sprung from a hornbeam stump. 
The whole was brought home and carefully protected and obaerved Parts 
were allowed to pass into the dry sclerotial phase m which the protoplasm, 
having assumed the condition of a mass of mmute oyste, is able to retain its 
vitality for months or even years, resuming its activity on being wetted and 
supplied with the proper food material A frsgmmit of the eclerotinro thue 
tevnred will grow rapidly it properly fed, so that in a few weeks a film of 
yoUcy protoplasm covering a soup-plate full of S^mum may be obtained 
from a morael no bigger than a pin’s head. This mass fumshed the 
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matenal for renewed observahon of its marvellous properties for aeventl 
years 

A meeting of t!ie Ijuneau Society (Fobroary 15, 1877) at which my fatiier 
exhibited some of the plasmodium of this gathenng in active streaming 
condition (an object which very few had at that tune ever had an oppor- 
tunity of seeing) is well remembered by those who wore present The 
mysterious rhythmic backward and forward flow thiuugh the vem-liko 
channels of the film of undifferentiated protoplasm is indeed a most striking 
phenomenon His was no dry and lifeless exposition, he stood lather as 
one who had ascended into the Mount of Vision and whose high privilege 
and uigent duty it was to reveal what had been vouchsafed to his view 
This was, in fact, his attitude of mind to all the phenomena of nature, 
whether the ways of beast or bud, the structure of plants, geological oi 
physical phenomena, or the movements of heavenly bodies It was all a 
revelation of the mystery of life oi of the environment ot hving things on the 
earth and in the universe. When moved to speak of these tiungs he would 
cast aside a shyness which had clung to him from his boyhood, and discourse 
with a force and eloquence which earned conviction to the hearers and 
enlisted their sympathies in the cause 

From this time onwards his attention was more and more concentrated on 
the Mycetozoa The species weie diligently collected on lus rambles, 
compai^ with the published desonptions, and accurate and beautiful drawings 
were made of them Many ladies, fnends of the family, lent willing aid, and 
samples and small collections came dropping in lie soon staited a large 
“ ledger,” in which references were entered to all notes and drawings of the 
various species scattered through his note-books, as well as to the specunens 
themselves, stored in small cardboard boxes, and to microscopic slides mi 
which specimens were mounted m glycerine jelly Ho publi-h«>tl pii|M>rs rimn 
time to time, at first in bw own name but soon in a»-(v‘.ation auk lii>- 
daughter, describing new species or interestmg vanauts from types already 
described. He was, of course, familiar with the writings of de Bary, whose 
classical investigation of the Mycetozoa farst demonstrated their position in 
the zoological rather than the botanical kingdom, and be regarded it os a 
high pnvilege when Prof 1 Bailey Balfour handed over to him for examina- 
tion the collection wluoh he had made years before at Strasbuig when workmg 
under de Bary Subsequently Greville’s eoUeetion from the Herhaniim of 
tlio University of Edinburgh was similarly lent him Ho elderly cultivated 
any germ of enthusiasm for the group, whether in his own circle or among 
correspondents, and he soon had a large number of friendly workers and 
collaborators, both at home and abroad. Every letter of interest was duly 
entered in the ledger, and be reckoned no pains wasted wluch were spent on 
Ills carefully considered (and duly copied) answers, which were generally 
accompanied by boxes of typical apeoimena. His daughter bad set herself, 
some time before, to learn to read Polish, m order that the important (^Stematip 
work of Kostafinsky, another of de Bary’s pupils, might be at their (Bepoe^ 
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In 1892 he was invited by Mr Wm. Carrathem, the head of the Botanical 
Department of the Bntieh Maseam, to prepare a DeeoiiptiTe Catalogue of 
the ooUectKms of Myoetozoa in the Mneeum, and into the preparation of this 
he and his daughter threw all their energtee Lodgings were taken at Kew 
while the collections in the Herbarium were overhauled, and a pleasant 
visit was made to Strosburg, where were de Bary's collections in the guardian- 
ship of this successor in the Chair of Botany, Oraf zu Solms Laubach From 
him they had a most friendly reception, and it was a great pleasure to all 
the family when he paid a return visit, a few years later, to the home 
at Lyme 

The catalogue, when complete, took the form of a monograph of the 
group It was published m 1894 My father also presented to the Museum 
samples, whole and mounted on shdes, of all the species and varieties known 
to him, and the show case of the Myoetozoa m the Botanical Department is 
enriched with beautiful water-colour drawings by his daughter, givmg 
magnified views of typical specimens of the group He took a patriotic 
pride in thus making the collection m the British Museum as complete as it 
lay in his power to make it 

The monograph had a sale unwonted m the aeries, and my father was 
invited to prepare for the Mycetozoa one of the small paper-covered gmdes to 
the collections which are issued by the departments, and this also attained 
considerable popularity 

The pubhoation of these works, far from bnngmg any pause m their labours, 
led, on the contrary, to a great mcreaae m their mrole of correspondents and 
in the specimens referred to them for examination 
The United States, where the group has been much studied, the West 
Indies, New Zealand, Japan, Java, Borneo, Ceylon, and, m Europo, Germany, 
f^noe, Scandinavia, Portugal, Switzerland — ^many were the post-marks on 
the small neat packages or large cases which frequently arrived from abroad 
All this demanded long hours of strenuous labour from my father and his 
daughter, and it was often not till driven out by the growing dusk that they 
started on their accustomed ramble. Papers were published as before as 
matenal accumulated, dealing with new and interestmg forma 
From the abundant material from all parts of the world which thus came 
to him, all carefully digested and iliuste-ated m the note-books, my father and 
his daughter came to possess a knowledge of the typical eharaoters of the 
i|eows and the range of variation of which each is capable, which was 
unequalled. A second edition of the monograph was soon called fur and 
it was to the preparation of this, sUenuously carried on notwithstanding 
fsihng health and powers, that the later years of his life were devoted. 
It hu been publbhed since his death by his daughter (1911). The 
beaatifdl illustra^ns, many coloured, are far supmior to those of the first 
edition (partly the result of the progress which has been made in late years 
in the art ^ maoifaanteal reproduction), and the text embodies the mature 
results of thidr joint labours on the specific chsrsoten of the group Worlmn 
VOL. Lxxxnxiw— a d 
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at Hyoetozoa, especially beginners, are apt to publish a description of some 
aberrant form, which they regard as a new species, but a larger snrrqr irill 
frequently reveal the alterration as one of many variants grouped about and 
merging into a type form, ami quite unworthy of specific distinotiim It ni 
the width of survey and the constant endeavonr to approximate the olasidfi- 
cation to the relation and variation of the speeioB of Myeetosoa as they cccnr 
in Nature, under varying conditions of climate and locality, that confer on 
the second edition of the monogtaph its unique authority 

Although his chief endeavour was concentrated on this purpose, many of 
the advances in the knowledge of the life-history and physiology of the 
group were made by him or one or other of his children Tito first observa- 
tion of the ingestion of living bacteria hy the swarm spores (flagelluhe) was 
his, and also that of the peculiar mode of division of the spore contents of 
the Exosporesi after their escape from the spore wall The remarkable 
simultaneooB division by kaiyokmesis of the nnolei of the active plasmodinm 
was first seen by his son, and Strasbuiger’s observations of the kaiyokinetic 
division of nuclei prior to spore formation in TruAut were confirmed and 
extended to other genera and species. 1%e complete hfe-history of the group, 
and especially the pomt at which gametic anion ocoure, are still usdetetnuned 

My father became a Fellow of the Linnean Sooie^ in 1873 and of the 
Boyal Society m 1898. He was a member of idle Enex and Dorset Field 
Clubs, and he was President of the British Mycologioal Society only two 
years before his death 

He was very fond of foreign toavel, and it was temairkalde how, idter he 
liad been occupied for months with what might aj^pear tiie work oC a narrou 
specudiBt, often hardly talking ot ^ything beeidee hia beloved "Cteeptes.” 
once free of his labour his mind responded to the oharma o( travel He 
rejoiced in life on board ship, and never anfibred from seaHuokness. He twice 
visited the North American continent, and his tours m Europe and Egypt 
with memben of his family were often vividly reotdled by him. 

It was very rarely that he would allow huuself to be mitioed into paying 
visits m England, yet he had often immense enjoyment vx them when onoe 
he had been induo^ to leave home. 

“ Labour and Sorrow ” are, as we know, toe frequent attmidents of the 
ileohnmg years of a strong man’s Ufe, and to this hu wea no exception. Be 
suffered more and more from bronchitic attacks, to whito he had elmys been 
liable, and from other bodily ills Between the atoaaks, however, he idton 
attained good measure of enjoyment in life, even to his later years, and owtog 
to the loving devotion of his daughter, <m whom, as his powers fsilsd, he 
came to rely more and more, he was able to omty on his aolentifie wotoaUniost 
to the end As 1 have said, she has been able stooe his dMUth to embody hk 
riper knowledge of the Myoetosoci, end her own, to ths second edition ot toe 
Bntito Mnsenm monogmph ^ that lovtog oeie oould do to mnooth Ids 
path was done by his wife and the othtt memhais d hto feadty. 

He died rather snddenly at his home at Hi^diff, lyme Bei^ on ftuclty. 





Jjr 


Zl 


ZB. iBOBi in bis 7Bth ymf. He ia buried in Ute boriil ground of the 
‘Wmetead Meeting House, near L^tonstone, close to the osdc tree on whudi 
be se Mten looked oat as be sat in Keetieg 
^nte eloBuig jears of bis life were olonded for liimself, and those who 
were near him, by his failing health and powers It is to tiieir recollections 
(if a sen may be permitted so to write of hw father) of the strong, wise, and 
loving man that he was ia his prime, still attended by clear glimpses of the 
*' Vision Splendid ” and with much of the character, to use another 
worthian phrase, of " Nature's prieet ” that his ftimily and h» friends look 
hsok for the full evidences of the maanei of man he was 

J J L. 


A C L (i Gl'NTHEH, 18;t0-1914 

AtiBBBT Gr&NTHKB was bom III Esslmgen, South Germany, on October 3, 
a descendant of a family which had Ixseu in the locaUty for hnadteds 
of years, the Swalnan branuii ol the Gunthers having settled in and about 
Hdhriiigen on the Kilder Plateau at tlie hegiuning of the fifteenth eentnry. 
His father was " SiftuugS'Guinmissar " m Ksshngeu, and Estates Bursar in 
Mdhringen, whilst his mother, Eleonora Nagel, was a daughter of a family 
whifth originally came from Bremen but had been resideut in Wurtemburg 
for four generations * 

He obtained lus early education at the Oyiunasium at Stuttgart, and 
iduiMatter proceeded to the Unnersity of Tfibingen, where he spent six 
yean, 1866-7. the mtervemng ycais being oooupied by attendanoe 

at the Universities of Berlin (1863) and Bonn (1854-6) Ibis prcdonged 
ttudbat-lifa Was ntunly due to the wishes of his relatives, who, ooooidtng to 
ianOjr t t adi fa ha, had deetined him for tiie ministry of the Lutheran Church 
He attended, indeed, llte Tlteelogical College at Tilbingen, and passed the 
qnaUfljriDg examination But the young student’s bent lay in another 
direotkm, and, just as hu brother turned to mediome, so he gravitated to 
nafiatil eoien^ eq^udly ef ter fallmg under the mfluenoe of tiie renowned 
dUbawme MtfUer, who iwa than in the aenith of hie fame, though a fatal 
wdeedeat which happened to a etadeat on one of hie dredging ei^edituna 
JhlA MoeiDuily affiaoted him. He aeoordiagly, after taking tba degree of 
flblLnli XaUqgen. in 1852, dedded to study ecienee and mediei&e, ohoonog 
eeebpr w dm dUef field df hb bhouNb m oviaoed by fan fint paper* ** Uehar 
fiett'Tkffauaetoad euee Dietoina,' wbioh eppeatad in the 'Wttrttombeig. 

* *Cllla«lMr Ikmily B»eaids.’t)eantah, Lcado a 

' dbb, UDanmi<Hi e 
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Jahreshefte’ in 1853, in the same journal by his second note, "Beitrage 
aur Fauna WurttembergB," by his “ Fische dee Neckars ” m 1863 , and by his 
‘ Haudbuch der Medicmischen Zoologie’ in 1858 He fully qualified himself, 
however, for medioine, even studying for a tune in St Sartholomew’s 
Hospital, and graduated as MB at Tiibingen in 1868, Thus he also 
illustrated the indissoluble brotherhood between medioine and zoology, of 
which Prof Allman (himself an M 1) ) made so much in his introductory 
lecture in Edinburgh University in 1854, and which has been a striking 
feature from the earliest tunes till now. 

The " Fisrlie des Neckars ”* gives an earnest of that methodical habit, 
accuracy, and patient investigation of his later years, both as regards ilie 
systematic examination of the conformation of each species, its size, colour, 
fins niid fin-rays, scales, skeleton, eggs, parasites, and haunts It is a model 
of what a local fauna should be About thirty species, including the Cyclo- 
stomes, wcie entered, and at that date the young (so-called Ammoccete) was 
oonsidered a separate genus This paper appeared also as a separate treatise 
with a finely ooloured plate of hmtemm mufteellm, Bonap , which the author 
had detected m the river, and which was drawn by Prof Eapp f 

Tlie ‘Handbuch der Medicmischen Zoologie’ (1858) must have been a 
useful treatise for medical and other students It commences with the 
higher mammalia, concludes witli the infusoria and spouges, and touches 
most forms of service or of interest to the student, and, without being too 
prolix, It gives a oonipreheusive giasp of the subject — specially allading to 
the medical products derived from the vanous foims It does credit to the 
studious and eainest author even at this early period of his career 
Visiting his mother in England in 1855, be met l)i John Edward Gray 
and Prof Owen in the Biilish Museum, and both, having a knowledge of 
his previous work, took an interest in him, and a friendship sprang up 
between them Two yeais later Dr Gfinther was selected to arrange and 
describe the Fishes, Amphibians, and Reptiles in the National Collection, 
which task, sufficiently onerous then, became increasingly labnnous os time 
advanced, whilst the work at first bad little relation to adeijuate financial 
inducement, The eager naturalist oared little for the latter if only the 
opportunity for extending knowledge, and for plaomg the varied ooUeetiODS 
committed to his care on a projier footing, were given him, and from October, 
1857,t onward, he devoted himself to thie task. Those familiar with his 
eellar-like apartments m the old Museum will appreciate the entbumasm 
and unswerving loyalty, as well as remarkable alnhty. he brougbl to bear 
on his work, apparently indifferent to depressing snrroundiogs and formidable 
difhculties oonneoted with literature and specimens. 

In glancing at the remarkable list of memoits (246) and papers entwed 

* ' WUrttemberguolie NstorwitsenachaftlKihe Jahradiefte,’ Stattgart, 1863. 
t For mooli mformation oontMued la this uotioe of Dr. Ottathor I am iadoMsd to his 
son, Mr R. OUatbor, M.A, Fallow of Magdaloa OoUogo, Oxford. 

} They Btarted him with S,000 bottlei of saakoa ia 1867. 
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in the Catalogue of the Royal Society the reader is struck by the variety 
M well as by the laborious nature of most of them. Few men have pro* 
duced such a senes of menlorious contributions to our knowledge of 
eoology, ranging from Distomes and Spiders to Mammalia, but chiefly con- 
centrated on Fishes, Amphibians, and Beptiles, though Birds and Mammals 
come in for a considerable sliare , and yet tins list is incomplete — ^without 
for the moment alluding to his separate works Some of his earliei papers 
ap|)eared mthe * Wurttemberg Jahreshefte ’ and in ' Wiegmann's Archiv,’ but 
after he was settled m the British Museum the majonty of his valuable 
ooatnbutions were published in the ‘ Proceedings ’ and ‘ Transactions' of the 
Zoological Society, those of the Boyal Society, and in the * Annals of Natural 
History' — of which he was so long the chief editoi His lucid and terse 
descriptions of new fishes, frogs, snakes, lisards, tortoises, of buds and 
mammals, his anatomical memoirs on Hattena (Sphenodon) and Ceratodwi, his 
descriptions of zoological gardens at home and abroad, his papers on the dis- 
tribution of reptiles, on zoological nomenclature, and on fossil fishes were 
suthcient for the foundation of several reputations Every collection of note 
made by explorers all over the woild came to him at least for the fashes, frogSt 
and reptiles, and occasionally for the birds and mammals Special memoirs 
on certain groups were intermingled with fauuistic reports and descriptions of 
new forms in the British Museum, ranging fiom an undescnbod spider from 
Cochin China, a new species of long-tailed titmouse, the insectivorous mammal 
Potamo(iale, to a new poisou-organ in batrachoid fishes, and the skeleton of 
Awaonta Further, as the founder and first editor of the ‘ Zoological Becord ’ 
in ISGo, he placed naturalists under a debt of giatitude which oontiiiues now 
with unabated force, since the modem developments tn this field are largely 
due to Ins oiigmal efforts llis object, “to acipuunt zoologists with the 
progress of eveiy branch of their science in all paits of the globe, and to 
form a repertory which will retain its value tut the student of future years," 
has been amply home out. 

His incisive criticism (1859) of the work of a Contmental author on the 
snakes is incorporated, again, in his description of a new genus of West 
African snakes {Elapopt), and revisiou of the South American Map» , whilst 
hiB leseardhos make a distinct advance on our knowledge His histoncal 
account of Eehmeu (1880) reveals not only the classical knowledge of the 
author, bnt an intimate acquaintance with the extensive literature and of 
the noh collections in the British Museum, so that he was enabled nob 
only to correct previous errors, but to odd two new species to the genus. 

Most instruotive was his paper (1859) on the sexual differences in recent 
and fossil frogs and fishes, and especially of (kratophrya, the fehiale having 
a skull about three times os large as that of the male Its peculiar and solid 
structure in both sexes is due to the mode of life of these frogs, which feed 
on other frogs, birds, mice, and young rats , thus Dr Qtlnther found in the 
Otomooh of one a dyatognaOm half the sue of its destroyer, for, with its 
wide olett and enormous oavity of the mouth, its powerful muscles from the 
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tympamo and neighbonnng bones, and ^csrfc teeth, it seoiirely btdds its prey. 
These parts, indeed, form a contrast vitii those in othw Anuia. His 
aoutenesB in discriminating the fossil humenu of the male C^^dejfnaikiu, 
which IS specially developed in connection with prt^iagatioa, rested on hie 
thorough knowledge of the living forms, and so with the presence of the thick 
ray in the pelvic fin of the Tench 

He notes that the inhabitants of the Sandwich Islands search the tidal 
pools at low water for small fish-h-y, and convey Jhem to ponds (fresh 
water) in which in a short time they moroase to a sise fit for the table " 
(E T Bennett, formerly Secretary Zoological Society) Dr. Gtlnther adds 
(1861) that though he considers the acclimatisation of foreign fishes as a 
matter of sahordmate value from a praotioal point of view, it is a problem of 
high soientifio importance, because it involves the solution of the question, 
how far the power of man is able to interfere with the original distributum 
of fishes He advises the selection of forms from a similar chnuite, e q the 
Weis (SthtruB fflama) of the Continent If tropical forms are wished, the 
Gorami {Oqfhrommua olfax) a freshwater fish reaching 15 lb , and which has 
tieen introduced into Mauritius and Cayenne, the obmbing Perch (Anabas 
seandMn), and the Pla £at of Siam (BUta pugnax) as deserving tnaL 

The grasp which, even at this early age. Dr Gunther liad obtained of the 
distribution of Beptiles and Batracfoans is evident m the masterly paper 
communicated to the Zoological Society in 1358. A careful perusal of this 
demonstrates that the autlior had forestalled many interesting features which 
liave since been dosoribed by others. The contrast between snakes and 
amphibians m connection with temperature and temporary jdiymcal disad* 
vantages is pronounced, and this makes snakes well adapted for cleanng 
up the question. Creation verim Evolution. He (xmttasts the reptilian 
distribution with that of birds (which F. L SoUter had oommumeated to the 
same society a few months eailier, and which had often been the subject of 
discussion tetween the two nfituralists), and it is possible that the views nf 
Dr; Gfinther had some mfiuenoe even m regard to the birds. He united, 
however, the Ethiopian shores of the Meditermaean with tiie Pahearotie 
region, instead of oonsidenng Spam and Portugal as i^inoximatiag to 
Africa than to Europe, as Sohlegel did dillhred from the letter also in 
showing that a snake like DtuyptUu aeaber, living on trees in Afttoa, devootiag 
eggs of birds, the shells of which it breaks hf gular teeth and with imegnlw 
arrangement of the lateral soales, oannot be a representative of the graua 
TropwUmotua The Hydnde of the Indian regum, the linkup of Japan to 
this region, the large proportion of VKunnone enaJcee in Anetrelia, (to two 
systems ranting from the Mississippi m the nml^ and tiie Asmsch in (to 
south in the Kearotio region, tto oomparative paudty of anatos in the 
Keotropisal region, am all forcibly partraysd in das oomaamioateen. In 
the same way the peouhantias of the dk^hution of (to toiphiltoia toe 
dealt with throughout tha several region^ many stnUng ftoti beiag bstogbt 
forward for the first time. Ito totid abeence of Batiad>to» ttm, Ifow 
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Zealand, the absence of the tailed forms from Tropical Afnca, the Arctic 
character of the Batraohian fauna of Japan, whereas its saakes are Tropical, 
the absence of HyUt in India and Afnca, the spread of the European Sana 
temporarw to the Nearctic region and its absence ui the Neotropical, and the 
resemblance of the liatrachian tauna of South America to that of Australia, 
are a few of the sohent pomts of this important oummunioatiou In after 
years he was enabled to supply Mr Dmrwin with so many interesting facts 
relative to the leproduction and the wedding-dress of hshes, amphibians and 
reptiles, and to such an extent that Darwin wiote “ My essay, as far as 
ftshes, batrachians, and reptiles are concerned, will be m fact yours, only 
wntten by me ” 

To Alfred Bussel Wallace's ’Geographical DistnbuUon of Animals’ 
Dr Giluther contnbuted much important information concerning the distnbn- 
tion and classification of dalles and reptiles, the gigantic tortoises of Galapagos 
and the Mascarene Islands, the height to which reptiles reach on the 
Himalayas, and on the distiibiition of fishes — especially the identity or close 
affinity of those occumng on each side of the Isthmus of Panama, rendering 
It probable that Central America has been partially submerged up to com- 
fiaratively recent geological tunes His researches on the freshwater fishes of 
the same region would point to a like conclusion, seeing that a number of 
fish-faunas con be distinguished, corresponding to some extent with the 
islands into which the country would be divided by a subsidence of about 
2000 feet, the most important of the divisions separating Honduras from 
Oosta Rica. 

His work on the Reptiles of Bntish India, pubhshed by the Ray Society 
m 1864, 18 a systematic treatise of great ment, for not only does the author 
give the results of hia labours in the Bntish Museum, but be examined every 
available oolleotiou at home, and included those of Burma, Siam, Cochin 
China, and Southern Chma The pbilosophioal spinl m w hich he dealt with 
the genera and larger groups is manifest throughout, and the 26 hthograpliio 
plates, chiefly by Ford,* can hardly be surpassed The work is a monument 
of patient labour, wide knowledge, and scrupulous care 

His careful account of the anatomy of HaUena {Sphmudm), w 1867, 
enabled him to make a step in advance in the classification of recent Reptilia, 
a step which soologiste have since followed in oonnectiou witli the oharaoters 
of the Rhyoohooephalia The fixed quadrate, cartilaginous all- and orbito- 
sphenoids, the umon of the mandibular rami by ligament, the uncinate 
]^rooeS8es of the nba, doable temporal bars, amphiooelous vertebree and 
absence of oopulatory organs, showed characters of ordinal importonoe 
Beseaiches since that period have borne out the prediction of the author 
that diBOOvenes of extinct allied forms would furt^r add to our know- 
ledge Thus the group of the Froeauri with ite eub-order Proteroeauii 
iitolading FakKih4xtuiria from the Lower Red Sandstone of Saxemy, and 

* Bs greatly pleseed Mr Dirwin by getting thieekilfUl artiet, m 1870, «odo hie wood- 
sngtavtBgi. 
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l^iAtTOMwtvi from the upper Permian of Thnnngia and Durham, show 
how correctly Dr Giinther had aniieipated the extennon of the group. 

The treatise, along with Lieut.-Colonel Sir Lambert Playfair, on the Fudiea 
of Zanzibar, added mauy new species to the fauna of the il^tCiaast of Aftioa, 
and by the patronage of the Government of Bombay the authors were able 
to illustrate their volume with hnely coloured lithographic plates by Ford. 

The eight volumes of the Catalogue of Fishes in the British Museum is a 
work of extraordinary research, the list of the author^ and their works tdone 
occupying, for example, in the hist volume of the Acanthopterygian Fishes, 
about 12 pages Thus in the hrst two volumes the number of species in each 
IS nearly double that of Cuvier and Valenciennes, the last general ichthyo- 
logical work, more than double in the third, and so on throughout the senes 
The labour of examming the descriptions and determmmg species by them, 
of correcting erroneous interpretations, and of giving an acoount of each 
which would have the “ distinctness of a diagnosis and the aocnraqr of a 
descnption,” must have been enormous, not to allude to the task of going 
over the numerous special and ever increasmg collectiona m and beyond the 
Museum, and correcting the synonymy. It is not generally known that the * 
author woiked at the first three volumes under great disadvantages, especially 
in regard to financial aid and time, facts which should be borne in mmd m 
their review The vast area from which the collections were drawn 
sufficiently explains the nature of the undertaking, smee Arctic and 
Antarctic, Temperate and Tropical seas and fresh waters, were equally 
ransacked for their fishes Yet in the second volnme be was far from 
being satisfied as to the completeness of the task, smoe so many forms 
entirely new to smenoe had rewarded him, that he urged the collection of 
fishes in every country, for, he added, "we may well oonclude that not 
one-tenth of existing species are known ” (1860) 

In his progress with the task allotted to him, he states that though wei^ty 
reasons have been brought forward * against the natural limits of the 
Acanthopterygian order of Johannes MQUer, he still feels satisfied with 
Muller’s ordinal arrangement, and is of opinion that no i^ataoter is of 
equal importance to that of the structure and pontKm of the fins, luid 
that the number of the vertebrcc is of gteai value in distinguisfaing 
families He, however, shared the opinion of those who oonnder the 
ooalesoentidiatyngeal bones as of sufficient maportaoce to unite aoan t hopterous 
and malaoopterooa fiahea into one order, and ohangad the name PharyngogntUhi 
aeanthopten into Acanthopterygtt pha/ryngegnatht. Hia AfimUhtm ofinoide 
essentially with the Maltutapterygu. jugvlam ot the old outhon, and he 
ohaervea they are a very natural order Hia eiqtenanoed remarks oonoetBiog 
the cod and the sole oi^ worthy of remembrance, aome lohtiiyologiBto fdachig 
them indeed in diatinct orders , but the abaanee of aymaietry is the <«iy 
oonatant character on which auoh an opitdoo ean be founded, and it fat hut 
little developed in the more highly organised fimns sooh ss AiAMtaagepaus 
in which the asymmetry is almoet entirely limited to 1^ poeitiott Of liie 
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which are on the right side m one half of the epedmens and on the left in 
the other The vast literature in such a family as the Salmomdse absorbed 
as much patience and time in the investigation of a single species as in other 
fishes for that of a whole family. The small family of the Umbndte, however, 
gave Dr. Giinther some compensation, since of its two species one occurred 
in Central Europe, the other in North America, the close afiinity of the two 
being recognised by him for the first time, and eonstituting " one of the most 
strikmg instances against the geographical continuity of identioal forms ” 
In the Preface to his eighth volume many valuable olweivations were made, 
some of which are widely applicable Thus, m definmg a species, he considered 
it to be well established only when it is founded on characters which, from 
an examination of numerous examples, are found to be permanent, not subject 
to gradual variation, and not dependent on season, sex, or age, or which are 
known to be so from the examination of alhed forms An idea of the 
extensive and labonous natuie of Dr Guutliei's task is gained by his state' 
ment that 6843 species of fishes m his Catalogue are well established and 
descnlied, v hilst 1682 others are doubtful. “ Assuming that about one-half 
of the latter will ultimately be admitted, and that since the publication ol 
this work 1000 species have lieen described elsewhere, w may put the total 
nambei of fialm known at present an about 9000 ” At the date of publication 
of the last volume, he calculated there weie 29,275 examples of fishes in the 
Bntish Museum, a vast array, largely due to bis own mitiative, and to his 
personal influence, yet he modestly states that it contains not two-tbirds of 
the known species, and instances the gaps yet present, even in such well 
known forms as the hernngs, the sharks, and the rays He therefore urged 
the necessity of keeping jiace with the rapid progress in ichthyology resulting 
from the efforts in other countiies , adding that no othei class of vertebrates 
offers a similar gradation of development of the most important systems and 
organs, rendering its systematic arrangement a most difficult problem His 
further remarks as to the importance of fishes in elucidating the geographical 
distribution of animals and the relations of the various epochs to one another 
doubtless proved an invaluable aid in determining the importance of such an 
Expedition as that of the '* Challenger.” He modestly concludes this epooh- 
making labour by stating that, ” if it should assist my fellow-labourers and 
enlist others — if it should contribute to the advancement of truth, I shall not 
repent having devoted the best years of my life to its execution.” 

Earfy in his career. Dr Gflnther kept in touch with the Museum Godefftoy 
at Hamburg ; indeed, in 1868, he was instrumental in enriching some private 
DoUections of invertebrates through this agency, for thd staff of the ships 
employed by the firm of merchants specially collected every group. 
Dr. Gfiather undertook the Monograph on the South Sea Fishes, thereby 
making a noteworthy addition to his famous works both in text and lUos- 
UeUon, since the artist, Andrew Garrett, had lived in the Faafio Islands and 
made drawings from life of all the fishes which fell m hu way, jnst as the 
late Colond Drummond-Hay, of S^gieden, did with those off the Bermudas, 
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but with this difference, that Garrett’a specimens and drawings went to the 
Museum Godefiiroy, whilst Colonel Drummond-Hay’s speoimeas were lost 1^ 
the thirst for alcohol of a man left in charge dnnng die absence of the Cokmei 
in Britain Portions of Dr Gunther’s work, which was undertaken on 
condition that a selection of the fishes, including idl die types, should be 
presented to the British Museum, were issued in 1873 and 1881 A long 
blank, mainly due to financial reasons, then occurred, and it was fully a 
quarter of a century later before Fnednchsen, thg publisher, wrote to 
Dr Gilntber asking if he could proceed, since Di Martin Oodefhroy had now 
advanced funds Thus, after his reUrement from office, the veteran ichthyo- 
logist was enabled to complete his great task in 1909 and 1911 This foe 
work could only have been accomplished by one with an enoycloptedic 
knowledge of fohes and their synonymy, and in touch with the vast 
collections m the British Museum , and the gorgeous coloration of many of 
the fishes and their interesting habits make the work of special interest 
and value 

Having to re-write the article on “ Ichthyology ” in the Eighth Edition of 
the ' EiicyclopsDdia Bntannica ’ originally prepared bj*S]r Jcdm Bicbatdson, 
Dr Gunther took tlie opportunity of publishing on ‘Introduction to the 
Study of Fishes ’ (1880), a treatise which, in limited compass, places before 
the student the history and literature of the subject, the stmoture, growth, 
and variation of fishes, their distribution and systematic relations. This 
work is nivalnable to tlie student and ichthyologist, and is especially interest- 
ing in those chapters dealing with the distnbutton of fislies, and the problems 
opened up by the appeaianoe ot identical families, genera, and spemes in 
distant continents, such as, for instance, QaUmoa, in Soutiiem Australia, New 
2!ealand, and the aonthem parts of South Amenca A German translation 
of this work was published in 1886 

'When elected to preside over the Biological Section of the British 
Association in those palmy days (1880) when soologuta, botanists, pbyrio- 
legists, anthropologists, and the rest all fell nnder this bead, he chose as the 
subject of hiB address that winch his predecessor, Dr J. E. Gray, had dhoten 
before him (1864 ^), vis , ” Museums their Use and Improvemimt,’* and his 
expenencod remarks were worthy of the theme He mode three groups of 
museums— (1) National, (2) Provincial, and (8) Eduoational— though these 
pass into each other and th^ may be hylnids between them He gave an 
outline of the new Natural History Museum at South Kenaington, pointing 
out that in this, the greatest National Museum, it wqnld be u&jtraetioable to 
group the recent with the fossil forms, however stron^^y the pnno^lle ef 
studying the two may be held, for all agree AM soologists aik botaffiMa 
should not be content with the study of the reoant fanna attd flom, nor 
ahould palseontologuts carry on their teseansbea without d.i» teferonee to the ' 
living forma In the museum two series are tteo«ssaxy,via„ these llhisianting 
the leading pouts of popular and stieatiifie interosti and, smws^E^, lira 
aetlee, Healwemi^miisedlhe OQiis(nioti(mof uaewotaiettlfoaeiSatittiit 
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for wood, and m tins he anticipated what thirty years later beoame the rale 
m the finest ooUeotions In insisting on the fwmation of n Natnml History 
Library in oonnection with the National Collection, and in the policy of 
distnbuting duplicates to provincial musoams, he held enhghten^ views, 
whioh have sinoe been faUy acted on 

His work on the Shore Fishes of the “ Ohalleuger ” (1879) showed that 
even the limited oi^rtunities of the nacorahsts for making each ooHections 
were productive, foi the senes consisted of 1400 Bpecimens, of which 94 were 
new to science Yet the chief efforts of the exjdorers were devoted only to 
such localities as were previously mote or less nninve8tigated,aud which were 
rarely visited His famihanty with the subject and his methodical method 
of working enabled him to issue this volume whilst Sir Wyville Thomson 
was still at the head of the “Challenger*' office Di Gunther took the 
opportunity of widening our knowledge with regard to the mutual relations 
of the fishes of the deep and shallow waters, and of demonstrating the wide 
range of many, both as regards depth and locality He fixed the dividing 
hue between these and the deep'Sea fishes at lOU fathoms, though Sir Wyville 
Thomson and he at first thought that the dtvidiiig line should be from 800 
to 350 fathoms, and his grounds were that “ no fish not known at present to 
have occurred beyond the 100 fathom line is admitted m the Heport , and, 
farther, tliat no truly bathjbial fish is known to live liabitnallv above that 
line*’ 

In bis great work on the Deep-sea Fishes of Uie “ Challenger ’* (1887) be 
combmed all the information gained during the subsequeut productive cruises 
of the *' Knight Errant ” and '* Tnton," as well as such new materials as could 
be gleaned from the fragmentary and prelimmary notices of the expeditions 
by the two Institutions of the United States, and by tho expeditions of the 
Franoh, Norwegian, and Italian Governments The total specimens were 
referred to 266 species, of which 177 fell to the share of the " Challenger ” 
and 14 to the exploration of the Faroe Channel The number of new 
fonns amounted to no less than 144, whilst 10 were added to the fauna 
of the Bntish seas. Every trained zoologist will comoide with his ooncludii^ 
words in the preface, vis “My technical desdriptions of the Challenger 
fishes Will be found to be much mom oonome than those given by some 
leoent writers . ... the practice of oiroamstontially describing every 

minute detail of the surfaoe of a fish, repeatmg every point of structure 
eommen to all the speoies of the genus or fomiiy, and indiscriminately 
mixing individual ohaeooters with speoific, not only rmiders the use of tbeae 
tangtiby desonptions a laborious and thankless task, but ootuolly leads to 
taisandentandings not less frequently than the insoffioieut short diagnoses 
that hoive been prqiared by inexpeiienoed desonbem,” 

In tins valuable treatise he first gives a eav^l historieol digest of 
tmld^t, refbiHng etqpeoxally to the wmk of the Norwegmn North Atioatio 
Kxpedition and to that of the United States Fuh CtHnnuaaion under 
ihsof. Jkks. Agosafs and Hr Bpeooer Baud, the former aiqpedition readbing 
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1400 fathoms and the latter 2900 fathoms, a stbular depA banug produoeil 
fishes m the "Challenger" No part of this fine treatue u nune mtexestug 
than that in which the oharacteristios of the deepnea fiehes an portrayed 
by the author, such as the am of the eyes, the black eolonr of the pharynx 
and of the surface of the coelom, the -fibrous, fiasured, and oaveinous structure 
of the feebly developed bones, the thin lateral mnaoles, and the loose 
connection of the vertebrae. As a consequence, when they are drawn to the 
surface these specimens require the most careful ipanipolation to j^veut 
their breaking into fragments Yet under the normal conditions of their 
abyssal home, that » tmdor the enormous pressure of the surrounding 
element, the tibro-osseous tissues and the thin muscles suffice for rapid and 
powerful movements. When drawn up the expansion of the gases in the 
air-bladder causes the gullet and stomach to be thrust out of the mouth and 
the eyes from their sooketa Ttiese deep-sea fishes possess a largely developed 
muoiWms system on head and body, and in addition a senes of phosphor- 
escent organs Dr. Gtlnther gives a lamd and comprehensive dcscnptiou of 
the modifications of these organs as to distribution, appeaianoe and stmctuie, 
grouping his remarks under mne heads He considered that these fishes 
contnbute to a considerable extent to the lununosity of the abyssal depths, 
and that such light enables the possessor to see, and m those in which the 
organs are highly developed and specialiaed, the light is under the will of 
the fish, which thus can use its " searchlight" for the purpose of disoovenng 
prey or for other purposes. Further, the ocourrenoe of soob organs in the 
oavities of the gills or within the mouth does not invalidate snob a view, as 
the membranes and bones are semitransparent. On the other hand, he 
pomted out that the luminous oigons which ate placed on barbels, fllamentoua 
fin-rays, or tentacles serve as lures, and that even those on the candal 
peduncles of Soopelida, Stemoptychids, and othdrs probably hare the some 
function 

Another notable observation of Dr Gflntiier's was the lednotum of the giU 
laniinm m these fishes: the homy rods wbtdt support tbs plaits of the mueons 
membrane being deficient in firmness, the lainuuB are reduced in number and 
Uie respiratory surface diminished He was moUnad to associate this with 
their sojourn in the low temperature of the abyssal depidis and its effeot on 
oiroulation and respiration. He also pomts oat that ^O'^pawn of some of 
them (eff Pdyprwn eenitum) develops at the surface, whilst the young fishes, 
after a ^(xrt pelagio existenoe, descend to tiie bottom as in tihe fiat fishse. 
He considers, however, that in others the spawn will be deposited cm the 
bottjom and hatched there, thus affording an extreme oontiast to tito former, 
which were developed under the accelerating inflnenoes ot light, warmth, mad 
a oonetant supply of oxygen. The ovipontilon end hatching et the eggs (rf 
fishes, indeed, are maTvelloas in theur infiidte vanabon. 

Squally interesting are his remarks on bis verbosl and horiisontal dietrio 
bttbon ot these deep-sea fishes, the, families, for iastanes, whabi dsaoesd to 
the greatest depth, vis, 2900 fathoms, ate Bmyeidis* Bbheulgti, (^iji^dfe. 
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Hftorqndaa, Sttrnopt^ohidse, Scopelidss, Stomiatidae, and Munmidte. 1)e8ideB 
the jUapooephalidee, and the Hiklosaundee, which have no repteflentativea m 
the eurfaoe'fauna He shows that the abundance and vanety of fiah>life 
deoreases as the depth increases, and that the uniromuty of the phyuoal 
ohatacters of the sea-bottoin gives nse to the almost unlimited honsontal 
distribution of deep sea fishes, so that the same genera and even the same 
species may occur in the depths of the eastern, western, northern, and sonthem 
hemispheres. 

The whole of this fine work teems with novelties in the stmoture of the 
remarkable forms so carefully dealt with by the author, and which were 
graphically illustrated by the brothers Mintem 

One of the most interesting labouiu was his final one on the History 
of the Zoological Department of the British Museum from the year 1856 to 
the year 1895, when Gunther retired from active seivice, and which was 
published by the Trustees at the end of 1912 This record of 39 years’ 
experience of the National Collection is told with great accuracy and rare 
modesty, and perhaps more than any other evidence testi6es to the zeal, 
perseverance, and popularity of the Keeper — even under oircumstanoes not 
always conducive to pi ogress. The increased grant, from £1100 to £1500 
per annum, during this period enabled the Keepei to effect greater uniformity 
in the growth of the branches of the collections, and to follow Dr Gray’s plan 
of forming a study-senes as well as an exhibition-senes The collections in 
1856 were well arranged in cases, and the specimens were clean and well 
preserved, whilst the nohness in rare types made the Museum even then not 
behind those on the Continent Those who knew the collections at the 
former date, however, can appreciate the vast changes which were inaugurated 
in such departments as the mammals, birds, reptiles, and fishes, as well as in 
the invertebrates in general— especially daring the period of Dr Gunther’s 
keepetship. Whilst he laboured at the specimens and catalogues himself, he 
also enoouFsged others in the same field Thus the catalogues on almost every 
group of note made considerable progress 

The labours dunng his keepersbip (1875-95) may be dealt with under the 
foUowiag heads 

1 Tk« Imrtate mi Arran^nent cf the Cdleettona — The appointment of 
Dr. CHlnther as Keeper in 1875 was followed by a great increase in the 
ooUactions generally, by such additions as those of the "Transit of Venus” 
Sxpaditions, the Arotio Expedition, coUecbons by naval officers, the 

dhallei^(er ” eoUeetions, the Bowerbank collection of Sponges, the Gould 
odlaotion of Buds, the Qodaan and Saivin oolleotKms of Birds, the Hewitson 
eoUeotion of Exotic Butterflies, the ooileotionshrom the East India Company's 
Mnxmm, ooUeotions from the luteniationsl Fuhenes’ Exhibition of 1883, 
Zeller'B Munolspidqiteis, the Hnme oollection of Buds. Godman and Salvin’s 
Americao Birds, the Tweeddale oolleoaou of Birds and Works, the Wal- 
■rogham oollection of Lepidoptera, the Qoivaia North Ameneau Birds, tlie 
Day ooUeotwn of Indian and other Fishes, the Keyserluig Areehnids, the 
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Froy Lepidoptera, the Carter Sponges, tiie Parker Foramndfera, the Hume 
Hei^s and Homs of Large Game, the Andeiaon Egyptiaa Maiamala, the 
Paecoe Coleoptera, the Stainton Lepidoptera, tihe Lilford Birds of Borope, 
F, Moore’s Indian Moths, the Godman and Salvin Insecto, Seville Sent 
Corals, and many others. An idea of Hie vast increase during Dr. GOnther'a 
period of office may be gained by comparing the crnisus of 1868, viz , 1,000,000, 
with that in 1880, viz, 1,300,000, and in 1895, 2,245,000 Moch of tide 
increase was dne to the constant efforts of the X^per and his fnenddnp 
with the leaders of expeditions, naval and mihtary offioeta, as well as 
with naturalists at home and abroad. 

In tlie arrangement of the collections increased progress was hy-and-by 
obtained by the employment of temporary workers distinguished for their 
knowledge in certain deportments, tlie Treasury bring less reluctant to the 
temporary employment of such specialists than to additions to the permanent 
staff Thus Messrs. Seebohm, P L Solater, 0 Salvm, £. Hargitt, and 
Count Salvation aided in cataloguing the birds, Mr (afterwards Sir) George 
Hampson and Mr Warren worked amongst the inaeets, whilst Mr George 
Brook took (alas, only for a short time) the Madreporanan eoralB in hand. 
Otliers who aided >n this work were Prof Bupert Jones m the Foranunifera 
ami Ml H M. Bernard, who, oii the death of Mr G Brook, took up his task 
Noteworthy advances were thus made by the combined labours of tiiese 
skilled naturalists and by those of the staff. 

Dr Gunther also instituted in 1875 a fascinating method of exhibiting the 
birds which breed m Britain, with their nests, e^, and young exactly oa in 
their native surroundings, only the peruhable parte of the plants bemg 
orti&oially reproduced, whilst the actual parents and the malrarB of the neate 
were m every case secured No more popular part of tiie gieat Muoenm 
exists than the long Bird Gallery, in which these beautiful and intMeating 
groups are exhibited, for the life-like attitudes and the auggeative aunound- 
mgs appeal to the average citizen as well as to the cultured man of soimme. 
Dr GilnthePs experience as a field naturalist uid avioultunst enabled him 
to grasp all the essential features in such a display, and to oombme aoeuiacy 
with the most charming efibcts. In hts record of the ooUeotions he pays a 
tnbute to Lord Walsing^am’s help in securing amtable speeumens 

2 2%e Sldif . — When Dr. Gfinther received the appelntment of Se^er, 
Mr F Smith auoceeded him as Assistant Keeper in charge of the Kitoaso* 
logical ooUeotions, and, m 1878, there were nine Junior Asawtaata, rit,, 
Mr A G. Butler (Myriopoda, Araehnula, and Lepidoptera), Ific. CL O. Water- 
house (Coleoptera), Mr £, A. Smith (MoUaeoa), Mr B J Mien (Ornataeaa), 
Mr B Bowdler ^laipe (Birds), Mr. Oldfirid Thmnaa (Mawmalmi Ifo. 8. 0. 
Bidley (Polyzoa, Hydrozoa, and Antboaoa), Mr. F. J. Bril (Weraw end 
Bohinoderms), and Mr O’Sfaaug^eMy (B^ptilea and Flriwa> fMa ilitil 
Dr. Gttnther found to be insuffioient £» ovvrtriciiif the lahooai entalied 
by the ever Inoreaeing ooUeotiiatn And the ^beaaniy, in 
a FIrat-Oiaaa Asrittant, Mr, (Jh A. Betdeager (Wl^tBrn and «tid' ftiti 
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Swoad-Ciats AMistante, Messrs. W. B. OgilTie-Ctzsat sad Mr J J. 

Quelidi (Polysoa, Authosoa, and Hydrosoa) In additien, an artienlator and 
fcwo boy attendants were appoint^. A most important change was at the 
same time msutated by the re-arrangement of the duties of the attmidants (13), 
many of whom were skilled manipulators, so that when they were lehev^ of 
menial duties they became of much assistance to the sdentifio staff m mam- 
pulatmg specimens, and in writing and copying. Some of these assutante 
had considerable knowledge of the oollectums, and were able, for instance, so 
early as 1863, to name collections for outsiders By this change the prepara- 
tion of the various catalogues was expedited 
3 Catah^uee and Chttd«$ — One of the duties of the Keeper was to superin- 
tend the preparation of catalogueaand guides of the vast collections, and 
Dr. Gtlntlier ^mthe first set himself with energy to this department, showing 
an example by his own Catalogue of the Gigantic Land-TortoiBes, living and 
extmot, 96 pages and 55 plates (1877) A continuous series of catalogues 
and guides marked bis tenure of office, and rendered the Museum a centre of 
zoological progress, as well as a popular resort for information m Natural 
History When the Trustees consulted the Keepers about the Index 
Museum proposed by Sir Richard Owen, the Superintendent, Dr. GUnUier's 
recommendation to them was as follows . — “ To render the exhibition-senes 
in every way instructive, a more perfect plan of labelhng throughout the 
collection should be introduced, and a new guide-book should be prepared A 
clearly written guide, well illustrated wiUi woodcuts, will supply all the 
mformatioa useful to the public and draw their attention to the more 
remarkable types. As the different divisions of the animal kingdom will 
be separated in distinct rooms, it will be possible to prepare this guide 
on an entirely different plan from that at present in use at the British 
Miuenm, viz, in the form of a popular, but systematio, handbook of 
Natozal History ” The Index Museum was proceeded with, though greatly 
altered in aim and constitution in subsequent years, and Gunther’s 
suggestion in regard to the guide-books was snooessfully oamed out, so 
that these were instructive not only to the visitors to the Museum, but 
to Fieviuoial Museums and schools of Natural History all over the country 
The plaas of the new Natural History Museum at South Kensington were 
mfanitted to Dr. Gray in 1871, and when Dr Qtinthar became Keeper in 
1876, ho uid the other Keepers watched the arrangements for the several 
gaUenes as instmoted by the Trustees. Yet he was greatly liandioa^ed 
hy the amutgetaents made by the arobiteot, so that it was found impossible 
to have ilb0 meiamahi on the ground 4o<n as intended, and thns the birds had 
to he pleoed there. It was during bis tenure of the office of Keeper that the 
tenufOr the vastiookgieal coIiMtioasfrom BloomBbory to their new home 
in ffiwtii Kerudngton took place, vis., in 1888-83. Tim Superintendent, 
ftU. Owoh, vtaa then advm^ in life, so that the chief reapomibility tell 
on Gfintfaov, and the soocessful manner in which this delioate teak was 
OMjitd out sefleote onditr equally on hia a dmini et r athm capacity and hia 
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ingeumty, and, indeed, the Trnateea paid a tnbnte to Dr. Qiintii«r and 
hie staff for " the suooessfal temoval of the soologioal ooUeotuma fdAout 
any accident of importance,'’ and acknowledging "tbetr aenae of the f<»e- 
tfaought and oare shown in the direction of the removal, and of the aealoiw 
assistance of oUicers and attendants in effecting it.*’ The enormous labour 
involved in the re-arrangement, for which oatefnl plans of the galleries 
had previously been prepared, so that m many cases the specunens were 
placed at once in position, may be estimated by tl^e fact that besides the 
removal of about a fourth of the coilectionB in 1882, no less than 360 
journeys were made by vans in lS8d, in addition to the transfer of vny 
delicato specimens in cabs or by hand. To the persevering efforts of 
Dr. Giinther perhaps, more than any other, the design of a special Spmt 
Building is due, and it has the form of a large quadrangular hall with a 
floor and a roof of cement, besides other ingenious arrangements for the 
control of free spirit, and for the effective application of water m case of Are. 

The formation of a Zoological Library had early been considered both by 
Dr. Gray and Dr. Gflnther, and the subject became more urgent when the 
transfm: from the neighbourhood of the great National Library in Bloomsbury 
was decided on , yet it was not till 1879-81 that a oommenoemont was 
made Dr. Gbuther prepared the first catalogue of books in the Zoologioal 
Department, with the help of John Saunders, eomprising 1700 titles, lududing 
182 woiks The Treasury allowed the unexpended balance (£5700) of the 
previous year to be devoted to this purpose^ making a further grant 
£6000 for each of the five following years Dr Gdntiier had taken upcm 
himself the woik connected both with the Zoologioal and the General Library 
u the new Museum, seleotmg, indeed, the books himself at Qaantoh’s, but, 
as the works inoreased in number, the Trustees granted fm several years 
the assistance of Mr J £. Hartmg in the Zoological Library. %y purdiaae, 
presentation, or exchange the Departmental library hod, in 1896, amaased 
10,036 separate works or 16,238 volumes, a sufficient proof of the constant 
care and thoughtful snpervisiun of the Keeper, at whifee enggeation John 
Saunders, who had been specially trained for this work, was placed in 
attendance on the Library Thus one of the most important adjunda to 
the National Oolleotion was established, and baa been ^ signal service to 
every member of the staff as well as to ^ nomerous British and 
workers who resort to the great oolleetiou tor study. 

In oonneotion with the library Dr. Gflnther anenged for the tranafofeiioe 
from Bloomsbury of aeveral valuable collections of original drawitigs id 
animals, such as J. Abbot’s original drawings of the Inaeete of 
17 volumes, and of Major-General HardwidEeh draeringa of ImBan Mimals 
— in 33 volumea This department is an imporbant one and mented ifee 
attention the ISlatyes bestowed oh it. He atoo formed a hrige private 
collection of soologioal drawings, the amugemant of whioh foen^ tba 
raueatton of hts leisure hours. 

Dr. Gfinthex's profound knowledge cff fishes vsai ntfflwd In f«bila , 
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as, for instance, m distingaishing salmonoids, and was of tnnoh 
service to the public authorities in such cases > nor were his labours on the 
efieots of pollution of salmon- and tront-nvers lass important He earned 
out, for instance, careful experiments on the effects of the pollution of ibe 
lower Thames, noticing the length of tune that fishes would survive in water 
tainted with sewage, the effluents fiom gas-works, and other iqjunous 
mixtures He, indeed, carefully surveyed the nver in a steam-vessel placed 
at lus service by the Metropolitan Board of Woiks In the case of the 
" yellow fius " of the Allan Water, again, bis expenenoed advice was decisive, 
though a skilful lawyer, by presenting a Loohleven trout to another less wary 
scientific witness, created a diversion in favour of a contrary view 

Throughout his life in England his fondness for pets of diverse kinds 
continually asserted itself. Thus in his young married life at Surbiton an 
artificial tree by the fireplace of his dining-room harboured a chameleon and 
a small parroquet, the former invariably and successfully contesting for the 
most comfortable perch with the latter — ^nntil on a dusky winter moimng it 
left its bough to crawl on the carjiet, the colour of which it assumed, and 
was unwittmgly trodden on by a servant Tiee-frogs uttered their curious 
notes from a Wardian case with its plants, and other species hopped about on 
the green moss beneath At Surbiton, also, be had a pet alligator, which 
he kept in his bedroom, and a giant tortoise in the garden along with the 
old-world JTatUna {Sphmodon) from Hew Zealand His aviary contained blue 
tits, cormorants (which were fed on fish ofial and rats), a raven, hoopoes, and 
shnkes, whilst others occupied cages in the house A nest of young kestrels 
(now in the University Museum, St Andrews) shows how successlul be was 
in the reanng of hts pet animals, and the same may be said of his efforts 
with the Tussah silk moth of India. Many will remember his success m 
rearing for the first tune the red-baoked shnke in his aviary at Eew Gardens, 
for, thopgh' the first brood did not live to maturity, the second brood of five 
reached the adult condition, the pareuto feeding them especially on earth- 
worms, which tiiey out in small pieoes Moreover, he noted that their song 
imitated that of the garden warbler He took much mterest in the nesting 
of a pair of atoiks in Kew Gardens, where seveial pairs still remain — a source 
of interest to ornithologists and the public, and an additional charm to the 
msgmfioent grounds, Hu remarkable graokle (a gift from Lord Lilford) at 
Kew Gardens was known to all his visitors, and its performances were a 
aouroe irf never-ending interest and amusement A small pond in bu garden 
at Hampton Wick again gave an opp<utamty for observing the habits of 
fietiaB. When detained indoors by rainy weather, his active mind found 
exereiae and reoreation indoors in the care of hu ^vate collections. 

stiion^ devoted to fau soientifio labours, Giinther was a delightful com- 
panion, and one of the kltidest parents — ever ready to saonfioe himself for 
the .ItapphasM ef hie family, whose interests and welfare were to him 
pammoont. As a host he will be remembered by many a num of sotenoe at 
itome ahd abroad ; and as a genial friead whose vast stores of informatiou 
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vnxe ever at the <yBpoBal ot othsn. Dehghting in lihe etudy of natw% hi» 
M«s equally at home u tlie conatiy and in the laehropoUe, and ounqr a naeftal 
hint he gave to those vrho in their rural reitieata had devoted tbeouelTeB to 
the fauna and flora around them. He was, moreover, an expert aatf^ and a 
skilful shot 

Ur dtinther was in ooneepondence with natnraluts aU over the world, and 
was a member of many learned societies at home and abroad , was PresidMit 
of the Biological Section of the British Association, 1880 , President of the 
Lmnoan Society, 1904, and Vice-President at t^e Boyal Society He 
received the Boyal Medal of the Boyal Society, the Gold Medal of the 
Linnean Society, and the Modal of the Avicultur^ Sodiety 

As a systematic soologist Ur Ghnther held a foremost position — whether 
we view ^e vast extent of bis labours, their accuracy, or their importanoe. 
Por nigh sixty years he pursued his studies widi rare amgleneas of purpose, 
great natural ability, and conspicuous success — ^unmmdful of those extemsl 
encouragements which by some are held in great estimation. It was 
sufficient for him that be was advancing knowledge and doing fais duty to 
the public , whilst the work itself was both spontaneous and pleasurable. 
His administrative labours in the British Museum alone and bis skill m the 
transference of the great collections to South Kensington are remarkable and 
demonstrate the all-round nature of his aocomplishments. He devoted his 
untiring energies throughout a long life to the advancement of smenoe in its 
strictest sense 
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WALTER HOLBROOK GASKELL, 1847-1914 

WALTffit Holbrook Gabkbll was bom tm. November 1, 1847, at Naples, 
where liis parents were passing the winter for the sake of his fathm’s health. 
His father, John Dakin Gaskell, was a hamster — a member of the Middle 
Temple— who followed his profession for a few years and then retired to 
private life His mother was Anne Gaskell, second cousin of his fathei 
Gaskell as a boy lived with his father at Highgate, and attended Sir Reger 
Cholnieley's School at that place. At scliool he worked chiefly at 
mathematics, but had considerable interest in natural history, and appears 
to have made more than the usual schoolboy collections connected with that 
subject 

Ho came up to Cambridge in October, 1865, when he was not quite 18, 
as a member of Timity College In his third year he was elected to a 
Poundation Soholanhip, and proceeded to the BA degree in 1869, being 
26tb Wrangler in the Mathematical Tnpos. After taking his d^roe he 
studied for a medical career, and in the oonrse of his preliminaiy scientiflo 
work he attended the lectures on Elementary Biology and Ehysiology given 
by Michael Foster, who came to Cambridge as Pneleotor m Physiology at 
l^mity College in 1870 Foster led a considerable number of his early 
pupils to a scientific career He first aroused an interest in scientific 
problems and then, sometimes gradually, sometimes suddenly, suggested 
that there was no Iietter course in life than that of trying to solve them 
Gaskell, ss far as my recollection serves, was influenoed in the latter way 
In 1872 he went to University College Hospital, London, for cbnioal work 
On his return to Cambridge, Foster, in the course of a converaatioii with 
him, suggested he should drop his medical career for the time uid try his 
liand at research in physiology. Gaskell (I believe) adopted on the spot 
this snggestioa, and instead of prooeedmg to the MB degree went to 
Lsipsig to work under Ludwig (1874) 

At this time Ludwig's laboratoiy was much the most important school of 
phyaiological ressaroh in Germany or elsewhere It attracted students 
from all pairts of the world. All the work was planned by Ludwi{^ who 
had an almost unerring sense of the lines of work wliioh would yield 
profitable results. To tins the sucoees of the sobool was mainly due. Its 
popularity was increased by the method oi procedure adopted by Ludwig. 
This has been described by Sir T Lauder Brunton, who was with Ludwig 
in 1869-70 The experiments were earned out by Ludwig with the pupil 
at assistant, Ludwig wrote the paper and then published it, occasionally 
at a oflh^oint work, but mote usually in the name of his pupiL As I have 
heard from OmkeU, the method was the same in hw time. The work given 
him eras a oontinuatton of that on tlie innervation of skeletal muscle idieady 
VOL. mxvm.— -D / 
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begun m the laboratory. This led hun by a Beries of steps, wUoh were 
perfectly logical, but impossible to foresee, from point to point of scientific 
enquiry up to his theory of the origin of vertebrates. 

Soon after his rAurn to England in 1875, Gaskell mamed Miss Catiierine 
Sharpe Paiker, a daughter of Mr B A Parker, of the firm of Messrs. 
Sharpe, Parker, and Co, solicitors, by whom ho had one son. Dr. J. F 
Ghiskell, and four daughters, two of whom survive him He settled in 
Grantchester, about a mile and a half from Cambridge, and Cambndge 
Physiological T.aboratory he carried further the investigation on the inuervar 
tion of the blood vessels of striated muscle He found (1877), amongst other 
facts, that stimulation of the neive supplymg the mylohyoid muscle of 
the frog caused consideiable and constant dilatation of the blood vessels, 
although contraction of the muscle itself was prevented by curare This was 
the most decisive instance known at the time of such action m a purely 
muscular structure It did not, however, settle the question of the occur- 
rence of vaso-dilator fibres in the nerves of skeletal muscle, the discussion 
of which was earned on by Heidenhain and othexs 

From the behaviour of the arteries under nervous stimulation he passed 
to the investigation of the behaviour of the small arteries and of the heart 
with varying reaction of the blood, and, finding that a small addition of 
alkali increased the tone of both, and that a small addition of acid decreased 
it, he suggested that, besides the nervous control of the mroulation, there was 
also a chemical control in each organ and tissue by the products set free m 
activity, so that, for example, the contraction of the muscle by setting free 
acid led to an increased flow of blood through it The suggestion was not 
entirely now, but it was wider in range than any of its kmd previously made 
and rested on moie solid facts. This work directed bis attention to the 
heart, and for the next four or five years he devoted hie tune to the questions 
of the innervation of the heart, and the cause of the heart beat With these 
questions others were busily engaged, notably Engelmann and Heidenhain. 

In the early seventies it was oniversally held that the best of the heart 
was due to the nerve oells present in it, and that it was initiated by the nerve 
cells of the smiis venosus There were very varied views as to the method 
of working of the nervous mechanism, especially as to the parts played by the 
nerve oells of the septum of the auncle, and the nerve oells of the base of Uie 
ventnde. As it became more widely recognised that pmte of the heart 
which had no disoermble nerve oells could contract rhythmically, it was fdt 
that the nervous theory did not account for the whole of the phenomena. 
Moreover, some of the pharmacological resulto could not be satidaotenly 
explained on the theory as then pat forward. But no one had any moee 
satisfactory explanation to offer. 

The question of the action of the nerve cells in the heart was part nf the 
general question ef the fhaotions of the penpbmol gan glm , Iq 
E ngelmann ergued that the peristaltic oontrao^ of the neeten did twt 
depend on nerve cells and that the contraotico was ooadaoted bon 
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muBde cell to the next without the intervention of nerve fibres. In 1875 
he advocated a similar view as regards the passage of contraoldon from 
one part of the ventricle of the frog’s heart to the rest, and he thou^^t 
this was probably' also the case in the aniiole But in one important point 
he kept to the old theory and considered that the passage of contraction 
from auricle to ventricle was brought about by nerve cells and nerve fibres 
Gaskell (1881) at first adopted the current theory vnth some modifications in 
detail, but in 1883 he abandoned it, and argued that the contraction of the 
heart was of muscular origin, it started m the sinus and spread as a 
peristaltic wave to the other chambers, the delay m the passage of the 
contraction wave from one phamber of the heart to the next being due to 
a slow conduction in the modified muscular tissue which he found at thi' 
junction of the sinus venosus with the auricle, and at the junction of the 
auricle with the ventricle In the course of his woik Gaskell made a large 
number of original observations on the behaviour of the several parts of the 
heart and of the cardiac muscle The term block ” Gaskell adopted from 
Bomanes’ account of the passage of contraction waves in Medusge , the pheno- 
mena had been partly worked out in the frog’s ventriole by Eiigelmann, but 
they were much more completely elucidated by Oaskell’s work on the heart of 
the frog and the tortoise It was known that the contraction of the ventnde 
might only occur at every second, third, or fouith beat of the auricle. Gaskell 
obtained this effect expenmentally by varying the degree of block between 
the two chambers After the lapse of years the mvention of the string 
galvanometer brought the observation of !^art block m man into the region 
of ohmoal mediouie 

The difiisrent effects produced on the heart of the frog by stimulatmg the 
vagus nerve were investigated simultaneously by Gadcell and by Heidenhain 
Gaskell observed that stimulation of the vagus sometimes caused an increase 
la the strei^h of the beats in addition to the quickemng which had been 
already described by Sohmiedeberg and others, and which had been 
attributed to speoial acoelerator nerve fibres. Heidenhain found that by 
stimulatmg the medulla oblongata at different points, acceleration and 
augmentation, or slowing and weakening, of the heart beat could be obtained 
Gaskell traced in the oiooodile and frog the ongm of the acoeleratoi 
fibres to the sympatheUo system, and this was followed up by a more 
ooinpletu..anatomical investigation by Gaskell and Qadow The innervation 
of ^e heart of lower vertebrates was thus brou^t into line with that 
of tile mammal. In addition, he gave a more oomplete account than 
had been given Heidenham of the cause of the mdependence of the 
slowing and the weakening of the heart beat oaosed by pure vagus fibres, 
and of the quiokeaing and the increase of strength oaused by qmpathetic 
fifans A little later Gaskell showed that an elootrioal chao^ can be 
ptoduoed in quMaoent heart muscle on aUmulation of the oasdiao nerves, and 
that tiie change is difStvent aooordiitg as the vague or the aooelerator nerve 
isftimitlatied. 

' y2 
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Gaskell's work lu this field was of the first unportanoe His papers am a 
storehouse of observations of a fundamental nature He elaborated bis 
theories and gave an admirable account of the whole subject in an article 
on “The Contraction of Cardiac Muscle" in Schafei’s ‘Text Book of 
Physiology,’ published in 1900 It may be mentioned tliat the xiiythm 
of the heart was the subject of his Croonian Lecture to the Uoyal Society 
in and tliat on the work mentioned above he was elected a Fellow of 
the Society in the following year , 

In the course of his dissection of the accelerator nerve in mammals, Gaskell 
was struck by the overwhelming preponderance of non>uiedullated nerve 
fibres in it, although the nerves centrally of ganglia from which the aooeleiatoi 
fibres arose were mainly medullated, and this determined him to investigate 
the relation of the sympathetic system to the spinal cord. At this time the 
question of the relation of the symjiathetic and other peripheral ganglia to 
the cerebro-spinal system was in a state of profound confusion, and general 
agreement had been reached on a few points only A great number of facts 
had been described, and they covered a wide area of descriptive anatomy in 
different classes of vertebrates, of histology of nerve fibres and nerve cells, 
and of physiology Few observers covered more than a small poriaon of the 
ground Besults were coming quickly and the ground was tilled rather 
hastily Tlie practical disappeaiance of the theory that the “vegetative" 
nervous system was independent of the "animal" nervous system had led to 
the peripheral ganglia being less considered as a whole than they had been 
at an earlier time, and to special explanations being put forward for the 
working of the several parts. Thus, those wnters who tned to give an 
impartial summary of the state of knowledge found themselves reduced to 
stating a number of more or loss oontradiotory facta and irreconcilable 
theories 

Gaskell did not approach the subject from the point at view of what bad 
already been done or said He approached it from the point of view suggested 
by his observations on the accelerator nerves m the numunal Thu method 
had the disadvantage that it led him to leave umnvestigated some of the chief 
difficulties which were felt at the time, but it had the advantage that it 
enabled him to come to a rapid decision on certain iioportant points Gwkell 
confined bis attention to the efferent “ visceral " fibres. Hu moat impratant 
conclusions were, that all afferent visceral fibres, whether in cranial or in 
spinal nerves, were small medullated fibres, and that they left the cerebn>> 
spinal system in three groups— the cervioo>cranial, the thoracis, and the 
sacral— the thomoio portion being what was ordinanly called the aympathetao. 
These conclusions ie.e8tablUhed the connection d small meddlated 
with the whole of the “ organic ” system described by Bidder and VnUcnuinn 
m 1842, gave an eapianation of Beissuer'a atatement in 1882 that (he 
roots of the thoracic neivea eontaiued bundlaa of umaM mednllatad 
wbilat tlicae of the cervical and lombar nervea oontidaed only a few 
fibres scattered amongst the larger onea, supported the view i^h had 
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held by some anatomists that the white rami conunumcantes oonatitated the 
sole connectioa between the spinal cord and the sympathetic, and brought 
all the involuntary nerves of whatever oongm into one intern of ganghcmated 
nerves as had been i-ecently advocated by Dastte and Morat. 

In these conclusions there was one weak spot Whilst it was definitely 
shown that the outflow of visceral fibres horn the central nervous cistern 
to the sympathetio was enormously greatei in the regions in which 
there were only white rami, it was not shown that no fibres passed 
out by the grey rami Gaskcll's observation of the ranty of small 
medullated fibres in the grey rami was not in accord with earbei obser- 
vations, and he did in fact under-estimate their number Fnrthei, physio- 
logists of repute had described vaso-motor, pupil or heart effects as 
being caused by stimulation of the cervical nerves, which had grey rami 
only. It might then be said that the few small medullated fibres present 
in the centrally running branch of the gray rami represented the few 
scattered small medullated fi hies of the anterior roots of the corresponding 
spinal nerves Thus the difference between the thoracic and other regions 
of the spinal ooi d might be one of degree only So far, however, as sub- 
sequent investigation has gone, Gaskeirs conclusion was correct, and the gray 
I ami receive no efferent fibres fiom the spinal cord Gaskell’a work clanfied 
the air It gave anatomists and physiologists a clearer view of the general 
arrangement of the efferent nerves govermng unstnated muscle and glands, 
and it directed the attention of physiologists to points which they had 
singularly neglected. It is to be noticed also that Gkiakell’s earlier theory 
that the heart-beat is not due to the activity of local nerve cells has an 
mtimate bearing on the much discussed question of the automatic and reflex 
action of peripheral ganglia. 

In the paper setting forth the conclusions given above, Gaskell discussed a 
number of other problems of the sympathetic system His theories were baaed 
on facts known at the tune, but the experimente to test their wider applijoa- 
tion were few. Some are still under disouaeion, some ate superseded The 
most far-reaching of tliese theories was on the nature of the difference between 
motor and inhibitory nerve fibres In 1881 he bad advocated the view that 
the vagus is the trophic nerve of the heart. Lbwit, in 1882, bad suggested, 
on the lines of Hermg’s theory of assimilatory and diesunilary processes m 
the body, that the catdtao infaibttoty fibres favour assimilation, and th^fc the 
accelerator fibres favour dissimilation. Gaskell, developing bis ttopluc 
theory, took a more definite and a Wider view and urged that all inhibitory 
fibres are anaboho, and all motor fibres are kataboho 

Qaskell's tnicrosoopical and anatomical observations led him to questions of 
morphology He argued that in a typical epinal segment a lateral root was 
to be diBtmgaiahed in addition to the ventral and dorsal roots. The lateral 
root consiBted of two parts, one arose from the lateral mesoblaat plates of 
van Wijbe and suppIM the respiratory muscles of Ch Bell’s system, the 
other formed the ganglionated nerves of the viseeral system. On this basis 
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he disouBsed the homologies of the oranial and spmal nerves, and tetonied to 
this subject in a paper published a few years later. Foi his work on the 
nervous system he was awarded the Marshall Hall Prise of the Hoyal Medical 
and Chimrgioal Society m 1888, and was elected an Honorary Fellow of tite 
Society. 

In 1890, the Nizam of Hyderabad supplied funds to a Conumssion for the 
investigation of the cause of death under chloroform — the second which be 
had supported The Commission rejmrted that death was due to an action of 
the respiratory centre, and that if the respiiation were carefully attended to 
it was unnecessary to pay any attention to the pulse These conclusions 
were diioctly opposed to common belief based Ixith on experimental and 
clinical observation One of the members of the Oouimission asked Gashell 
to criticise their Beport Gaskell arranged with Dr Shore to make a joint 
experimental enquiry Gaskell and Shore, employing vonous methods, 
not$.bly that of cross circulation from one animal to another, brought forward 
evidence, which was generally tegaided as conclusive, that chloroform fi'ad a 
direct weakening action on the heart Their paper, published in 1893, 
checked a tendency to regard the respiration as the only factor to be 
considered in administenng chloroform It was a useful piece of work, but 
it gave Gaskell the only enemy he ever made 

This investigation was a side track from the main line of the work which 
Gaskell had been pursuing foi some years His morphological studies on the 
homologies of the cranial and spinal nerves had led him to consider the 
problem of the origin of the nei'vous system m vertebrates, and this again led 
him to a theory of the ongin of vertebrates to which he gave nearly all his 
time in later years. Dr. Gadow has been kind enough to write the following 
account of this part of GaBkell’s researches — 

“ Gaakell's physiological research has always been to a considerable extent 
on the morphological side, and this combination of the sister soienoes culminated 
in his enquiry into the ongm of veitebrates He was drawn to this at 
present hopelessly diffloult problem neither by accident nor design but by the 
complete failure of vanous morphological friends to account for 
structures the understanding of which was necessary for his lesearcb. , He 
therefore determined to find out for himself, and thus it has come to pass that 
a man between 80 and 40 years of age, M D. of Oambndge and a physiologtft of 
renown, devoted about 26 years of h» life to essentially morphological studies, 
more than~in tbs nature of things—applies to some of his rather Mtter 
scientific opponents Moreover, entering the new field quite unbiassed, his 
cntioal mind enabled him, when studying for instance the best comprehensive 
text-books on embryology, to discover the weak sides of that diHmplme It was 
not a question of picking out what suited him , on the contrary there wne 
hardly a point— >1)6 it the homologies of the germinal layers, ths doontrenoe of 
Boms obscure feature like Beissner's fibre, or some Silurian loedl, whkh he 
mil not take often infinite pains to exomme into. Frequency he eiUsted 
fnendly lielp, as m the case of the digestive properties of the lamprey's 
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“ This IS not the place to discuss the stxong and weak points of his hypothesis 
that vertebrates ore descended from some Crustooean-hke ancestor, te. from 
some vaguely reconstmctable stock of which the palasozotc Tnlobites, King 
crabs and Scoi’pions are the only known representatives on the invertebrate 
side, and he bridged the gulf between them and the vertebrates by tlie 
hjilurian Ostracoderms, of whose internal oiganisation the larvio of the 
Lampteys, before their marvellous changes mto the piesent adult forms, seemed 
to afford a clue The gulf was great indeed, but Ins planned bridges were 
not more hazily sketched than those which pretend to connect the vertebrates 
either separately or conjointly with Amphioxus, Tumcates, Balanoglosaus, etc , 
with worms and e\en with Echinoderms Especially the various worm- 
thcones he considered as no solution of the problem, since they would carry 
the connection so far back as to merge almost into the beginning of the 
Metazoa, amounting to no recognisable origin He on the contrary beheved 
that ‘ each higher group of animals has arisen in succession from the highest 
race developed uji to that time ’ 

“Further, as the leading motif of the whole course of this solution he 
discerned the orderly soq^uenoe in the development of the central nervous 
system, in which no break of continuity can possibly have occurred The 
brain and nerves afford the fundamental homologies , the organa which they 
innervate may fall into line in a sarpnsmg way, but they are not the 
essential cotnpansons, eff a new gut may be foimed, as in the transforming 
Ammooaetes ‘The secret of e\olutionary snccess is the development of a 
superior brain ' 

“The immediate starting point of Gaskell’s investigations on the ongm of 
vertebrates was the recognition of the close similarity in stmcture and 
function of the different paits of the vertebrate brain with those of Arthropods. 
The segmental character of the vertebrate central nervous system, so clear to 
the phySKdogist, and long before instated upon by moat anatomists, had lost 
weight for the morphologists, clearly because the C NS appears embryomcally 
as A single unsegmentod tube. Here then was the next question forced upon 
Qaskell'a attention Cannot the two opposing views be reconciled by the 
suggestion that the veitobrate O.N S consists of two parts, closely entangled, 
viz., a segmental nervous system on the same plan as that of the Arthropods, 
which 18 outside and has surrounded an epithelial tubular struoture ? 

This idea explained at once the i-emarkable non-uervous epithelial parts of 
the tube, which become so couspiouous as we descend the vertebrate phylum, 
kad every part of this tube bears the same resemblance to various parts of 
the CN<S. as the dorsal stomach and intestine of an Arthropod. As a 
orowning of his conception the pineal eyes fit mto the right place of the 
sobehie, and the reaemhlanoes become greater and mmw numerous on iheone 
hand m Ammoocetes, as was to be ekpeoted m the lowest available vmdebiate, 
and on the other in limulue, the King crab. In abort, there was now a 
provisional wmrking hypotheoia, obtained a dueot logical ^^msesa from the 
c<mtidenition of the vaortehrate nervous ^stem 
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'* After this working explanation of the tubular nature of the the 

next step was the enquiry into the nature of the cranial nerves and, therefore, 
the double segmentation of the vertebrate body in the head regum Now be 
was in the midst of the most complex and abstruse problem of morphology, 
involving every organic system The resemblances between Arthropods and 
vertebrates — with LimuUis and Ammoccetes as tiie ohampions~-are indeed 
numerous and in many oases perplexingly close Of course, the mote Ghwkell 
became absorbed by ius research, the more resemblances he saw, many of 
which are m all probability mere coincidences, or even erroneous With great 
uitiution and ingeniuly he connected them, and in some of the most important 
oases his ai'gumentaliou as to their being homologons structures has remained 
intact. He knew that if but a few are true homologieB, his case would be 
proven, according to all the accepted canons of the theory of descent, and 
all the rest could be waived aside as incidental oonvoigenoes, due to 
correlations, the possible laws of whioh we are now only just banning 
to speculate about. Hence he felt it necessary to defend, so to speak, his 
whole extended Imo, not that the yielding ot some point would mean a 
disastrous breach, but because of the lack of criterion to know which 
of luB many pomts might prove one of his best assets, viz, an absolute 
homologue 

"On the other hand he felt justiiied in assuming as most unlikely that 
representatives of two fundamentally different phyla should have produced so 
very many close icHemblauces, so close in function, structure, and relative 
position as to make it impossible to show them up as heterogenous He was 
also fully aware of it that our time-honoured conception of homologies venus 
analogies and their application to phylogeny are under reconsideration It 
18 a blow to the compaiative anatomist and to the constructor of pedigrees, 
but all the more interesting since it shows that it is life, funotion, adaptation, 
and inheritance, which shape the material, and this being Cknkell’s stand- 
point of view he skilfully worked with the tools the morphologist es a 
physiologist Be hts genial hypothems, elaborate enough for a theiffy, ngbt 
or wrong, he has discovered and elucidated many a feature both in vertebrates 
and invertebrates wluch without Ins tireless work would remain still neglected 
and nnei^lainad 

" His h^, " The Ongin of Vertebrates,” publiidied in 1908. has made little 
impression. Partly it is to a great extent a reprint of nuineroos previous 
papers and senes of essays, partly because, metead ot pleading, he did not 
present his views and the long chain of argumentation m ani easy hiamiex 
Lastly the idea of our descent from ‘ some Crnstaoean-like aaoeetor * was w 
subversive of all the other rival hypotheses (one of whioh if assumed to lie 
right uupiieB that nil the others aia wrong) that the ualdaased reader expeoto 
at least a clearly summarising expif^nation why Qaskell ooniddered the o|^ 
hypotheses not only insuffidient but wrong. 

" Ne did not obtuse tins line. Be too noto a o^jcaoter, ^ itailaut^ 
admiration of bis many friends, ever ready to defend his own, 
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in to sound argument, but not to be suppressed ' By tbstr fruits you shall 

know thB»i.’--H F. G" 

In reviewing Qaskeirs work one cannot fail to be struck with the care* 
fulness said accuracy of his observations But the bent of his mind lay m 
the direction of generalisation. A fact once definitely ascertained was never 
viewed by him as an isolated phenomenon, it was used as a basis for 
formulatmg some general iiile. If he sometimes generalised too hastily, it 
was but the defect of his virtue The value ot his woilc wee widely recog- 
nised. He was awarded a Boyal Medal of the Boyal Society in 1889, and at 
various times was the recipient of honours both at home and abroad 

One or two fuither events of his life and some personal characteristics 
remain to be mentioned In 1878 he proceeded to the Degree of M D by 
Thesis, blit lie did not at any time practise medicine Two or three years 
after this he began a hfc-long ])art m the advanced teaching of Physioli^ 
in the University His subjects were those on which he had himself 
worked, viz, the heart, the nervous mechanism of respiration, the sympa- 
thetic system, and, at a later date, the origin of vertebrates In 1883 he 
was appointed Univeisity Lecturer His style was moisive, and he spoke on 
controversial points with a half-snppressed enthusiasm which was eminently 
infections. 

In 1888 he left Grantchestei and took up his residence m Cambridge In 
the following year he was elected a Fellow of Trinity Hall, and was 
appointed Pnelector in Natural Science m the College Living in a town 
was not to his liking, and in 1893 bo built a house — ^The Uplands — on 
a hill-top in Great Shelford, opposite that on which peiohed Michael Foatei's 
bouse. Here be remauied for the rest of his life. 

Goskell attended but little the Congresses of Scientific Associations, 
though he did not altogether shun them He was President of Section I 
of the British Association in 1896 at Liveipool, and attended the meetings 
of the Association in Canada in 1897, and in South Afnoa in 1905, and took 
the opportiuiity of seeing a good deal ot these countries. He was present 
also at one or two ot the earlier triennial meetings of the International 
Congress of Physiologists. He did not take much interest m the ordmaty 
business of the University, but he served on the Univmni^ Council (1907- 
1910), and if any broad question came before the Senate he was fairly 
oertam to be found on the Placet side When there was real need of his 
services he did not grudge them He served on the Boyal Commission on 
Vivileotion whioh was appointed in 1906, and the final report of ednidi wsn 
not issued till 1912 ; and he was a member of the Mosely Commissioa <m 
Sdtteatipn in Amerioa. 

M an undergraduate he rowed m the May raeoe, played onoket and 
raequets, and frequented the bathing sheds. Later on he eqjqyed an 
apeasioW set of kten tennis, bet, in geoexel, entive exeteise ^ .not 
atonnt inapt. In reonation, as, indeed, m work, he took ikraugb- 
ottt ,Iiiis a somewhat leisurely oourse. He liked both work mid ^egr, 
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T}ut not to the stage of exhaustion. For some years he spent part of 
the Long Vacation yachting and fishing with his brotiier His hobby was 
gardening He converted a large part of his 15 acres of sloping hillside 
at Shelford into a charming terraced garden, the early sninnier display of 
which was the occasion of an annual reception to Cambridge residents. He 
was always glad to receive physiologists visiting Cambridge, and his blofT, 
hearty greeting left no doubt of their welcome In the evening he liked a 
game of whist or bridge, and after college feasts he was amongst the brst to 
settle down to a rubber 

In the year preceding his death ho was a little troubled about his health, 
but his customary course of life was hardly affected He was writing a small 
volume on the ‘ Involuntary Nervous System,* and on September 3 revised 
the last sheets Early on the following morning he had cerebral htemor- 
rhage, and died on September 7 without recovering cnnsciousuess 

J H L. 


JOSEPH REYNOLDS GREEN, 1848-1914 

JosKPH Rbtoolss Grxxk was born at Stowmsrket, Suffolk, in 1848 He 
was destined for a commercial career, and actually entered upon it for some 
years But his real beat and capacity were scientific, and all his spare time 
was given to study, with the result that ho took the B.So. degree of tiie 
University of London m 1880 This seems to have decided him to devote 
himself entirely to scientific work, and with this object in view he entered 
Trinity College, Cambndge, as a sisar, in October, 1681 He pursued his 
studies with such zeal and succees that he was elected to a soholatsbip at 
Trmity in 1882, and gained a First Cla» m Part 1 of the Natural Soienees 
Tripos in 1883, as also a First Class m Part II the following year, his subject 
being Botany and Animal Physiology. His work in the latter subject was 
earned on under tire late Sir Michael Foster, whilst I Was ieep<msible lor his 
botanical work He impressed us both, as a student, not only by his 
enthureasm but also and more especially by the singular lucidity of his mind. 

Having thus satufaotorily completed hu undergraduate career, he at once 
applied himself to research, both botanical and phynologiooL Hts first 
published contribution to science was a paper on the friends of tiiie Hypeii* 
caoere, which appeared in the Journal of the Lumean Society, 1884. At the 
same time he was engaged in experiments upon the clotUng of blood, 
led him to make the important discovery that ^ process is dependent ufiDn 
the presence of a caJomm salt, more espeoielly ^e snl^te, vdneb, he oottolnded 
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afifeots «itiier the fonuation or the activitj of thrombin On Certain Pomta 
connected with the Coagulation of the Blood ' Joum, Phymol 1887 > 

Green did not at oiiOe decide between the two acaeuoee, which aeetned 
to have equal attractions for him Bis appointment in 1885 1^ Sir Miohael 
Foster os Demonstrator in Animal Physiology, a position that he held 
with great credit for two years, determined the nature of his work for 
the time But even so he oontmued to pursue more oi less botanical 
reseoroh, the results of which were pubkshed iii two papers read before the 
Boyal Society , the one on the protein constituents of latex (‘ Proo Boy. Soo 
1886 ) , the other, of greater importance, on the changes m the proteins of the 
seed which accompany germination (‘ Phil Trans ,' 1887 ) in which he con- 
firmed for the Lupin the discovery by von Gornp-Besanes (1874) of a proteo-^ 
clastic enzyme in the seed of the Vetch, and amphfied it by showing t^t the 
protease is tryptic m its action. These papers indicated the direction of his 
future work 

In 1887 Green was appointed Professor of Botany to the Pharmaceutical 
Society of Great Britain, and consequently he devoted himself wholly to 
that science Dunng the 20 yours that he held this office his hterary output 
was voluminous The first 12 volumes of the ‘ .Annals of Botany’ (1888-98) 
contain a number of papers by him on vanoiis points m the biochemistry of 
plants, and he contnbuted several articles to the first series (1894-8) of 
‘ Science Piogress ’ The most important results of his investigations dunng 
this period were the following —The discovery (• Ann Bot vol 1, 1888) 
that the oouveision 6f inulin into sugar (fructose) dunng the germination of 
the ilerusalem artichoke is efiboted by a specific enzyme, mulose , the detection 
of a fat-splitting enzyme (lipase) in the germinating seed of the castor-oil 
plant (‘ Boy Soc Proc ,’ 1890), a subject to which he returned years after- 
wards (' Boy Soo Proo 1905) , the demonstiation of the presence and 
activity of aniyloclastio enzymes in the germinating pollen-gram and in the 
tissue of the style (’ Phil Trans ,’ 1894), the analysis of the action of light 
upon diastase (* Phil Trans ,’ 1897), showing that whereas the red, orange, and 
blue rays favour the fonnation of the enzyme, the green, the violet, and 
especially the ultra-violet rays destroy it, with the sti^ing suggestion that 
” vegetable structures have a power ot absorbing radiant energy which is not 
connected with the presence and activity of chlorophyll ” 

In his later years Green turned his attention mainly to the writmg of 
books, and produced several considerable works, characterised by the lucidity 
of exposition that he possessed in a high degree. Three of them were text- 
books: *A Manual of Botany based upon that of the late B. Bentley’ 
(1885-^6), ‘ An Introductitm to Vegetable Physiology ’ (1900), and * The Soluble 
Ferments and Fermeqtation * (1899). All three went to a second edition, but 
the thud WAS the most important and successful of tiiem ; a German taransla- 
tum el it, by Windisidi, was published m 1901 Further, he waeoommissioned 
by the delegates of the Clarendon Press, Oxford, to write a cwitinuatKm of 
I^Mahs' ' History of Botany ’ (1630-1800), to bnng tiie record up to Gie mid 
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of the numteentii oentory-^ diffiealt task, which lu peitoined witti m 
ooDcadeEabie measure of auooeaB. He become so mtezeaii^ m work ot tdds 
kind that he subsequently wrote a hutory of botany in England, which, 
unfortunately, has not yet been published. " 

Owing to failing health Green resided his Professorrinp at Idie Pharma> 
OBUtioal Society in 1907, and undertook the less onerous duties of the Hartley 
Lectureship on Vegetable physiology in the University of Liverpool, a post 
that he held until bis death His health bnaily broke down m September, 
X913, when he had a stroke, from which Jie only partially recovered A 
second stroke, following an operation, earned him off on June 3, 1914, to the 
deep regret of his numerous fnends, to whom he had endeared himself by the 
geniality of his disposition and his unfailing scientific enthusiasm 

His ments did not pass unrecognised He proceeded M.A at Gamlnidge 
in 1886, 1) Sr in 1894; he became a Fellow of the Lmnean Society in 1889, 
and was elected to the Boyal Society in 1895. He was President of Section £ 
(Botany) at the Belfast meeting of the Bntish Association m ] 902, and was 
elected, in the same year. Fellow of Downing College, Cambndge 


S. H. V. 



INDEX TO VOL. LXXXVIII. (B) 


Adrenalin and cat bon dioxide, antagoniatic action on hoait (Pattei'sonX 371 
Anihocyamns and anthocyaaldma, production of*-— Part 11 ^vereat), 896* 

Armatrong (HE) and CJoaney (H W ) Studien on En 2 > me Actum XXII — Lipane (IT) 
— ^The Correlation of Synthetic and Hydrolytic Activity, 176 
Artemi presaure m man, measurement of (Flack and otbeii)), 508, 516 

Back (M), (V)gaii (K. MX ^nd Tnwem (A E) Functumal G&lenia in Frog^e Mnade, 
544 

Baroroft (J ) and Kato (T ) The Effect of Functional Activity upon the MetalKiliHui, 
Blood-flow, and Exudation in Oigans, 541 
Beard (E )^ftnd Graxuei (W ) Surface Tension and Ferment Action, 575 
Bose ( J C ) The Influence of Homodromoue Electric Currents on Tranrtniiminn of 
Excitation in Plant and Animal, 488 

Bottomley (W B ) Some Acceaaoiry Factois ui Plant Giuwth and Nutntioii, 237 
Bieatbing and blood at high altitudes, changes in (FitzGeiuldX 248 
Bruce (Sii P ) and others. Olo$9ina br^vipalpu as a Carrier of Trypanosome Disease in 
Xyosaland, 20 , — Trypanosome Diseases of Domestic Animals in Nyasaiaiid 
in — Trypanoioma peconm —Development in Glamna momtanB^ 33 , —— Trypano- 
Mimes found m Wild Gltmma mor$itam and Wild Game in the Fly Belt " of the 

Uppei ShirC* Valley, 38 , The Food of morBitarm^ 41 , Infootivity 

of Oloumi morsttanB in Nyasaland during 1912 and 1913, 43, Tiypanosonu 

Diseases of Domestic Antmals m Nyasaland Trypano»o>m capme (Kleine) 
Part 111 —Development in OloBBina monulanif 92 , — T%o Trypanosome causing 
Disease iti Man in Nyasaland The Liwotide Strain. Part I— Morphology 
Fait 11 —Susceptibility of Animals, 97 , The Naturally Infected Dog Stiuin 
Part I — ^Morphology, 111, Part 11 — Susceptibility of Animals, 130, Part III — 
Development m Oltmwa morBticmB, 213 , Part IV — Kxpenmeuts m Immunity, 219 , 
~ Morphology of Various Strains of the Trypanosome causing Disease in Man in 

Nyasaland The Human Strain, VI to X, 190 , Hie Tiypanutiome lausing Disease 

ill Man in Nyasaland II— The Wild-Gamc Stmin III --The Wild GloBBtHa 
moTiitanB Strain Part II — Susceptibility of Animals, 205, 

Claid,iac valvea, mechanism of (KentX 337 
Catalysts, study of oxidation by (EwartX 284 
Cells, action of rays on grosring (Joly), 262 

dadoo^ hfe-oycle of (SauthX ^^3 * 

Cngan (K MO See Back and others 

Compton (A.) Constaney of idie C^imum Temperature of an Euxyme under Vaiying 
Cojioeiitnitions of Suostrate and of Enzyme, 258 , The Influence of the Hydrogen 
Concentratioa upon the Optimum Temperature of a Ferment, 406 
Cieam6r(WA Batkct Tension as a Factor controilmg Cell , Metabolism, 564. See also 
Beard (£.) and Cnunei. 

Ooouian Lectiiro ( WiisonX 333i 

Ciustaoes, growth and repitslttctuni in (Smit^X 416» 

Cytologiflal rMaaroh and heredity (WileonX 33^ 

VOi- WXXVUL— H. ff 



xl 

Drury (A. N ) The Validitv of the MicroohemiGal Test for the Oxygen Plane in TtssuM, 
160. 

Enzyme, constancy of optimum temperature of (Compton), 256. ' 

Enzyme action XXII, Lipase IV (Armstrong and Qosney), 176 
ETerest (A E ) The Production of Anth<x;yaninB and Anthocyanidms, Part II, 326. 
Ewart (A J ) A Comparative Study of Oxidation by Catalysts of Organic and Inorganic 
Or^in, 264 

Excitation m jdant and animal, influoiue of electric currents on transmission of 
(Bose), 483 

Ferment action and surface tension (Beard and Cramer), 576 

Fonnent, influence of hydrogen concentration upon optimum temperature of a 
(Compton), 406 

FildM (P ) 8w McIntosh and Fildes 

FitzQoraLd (M P) Further Observations on the Changes m the Breathing and the 
Blood at Various High Altitudes, 248 

Flack (M ), Hill (L ), and McQueen (J ) The Measurement of Arterial Pressure ui Man 
— >1 The Auditory Method, 508 , II A Schematic Investigation, 516 
Flagellate, observations on life-cvcle of a new (Woodcock and I^page), 353 

Gaekell (W H ) Obituary Notice of, zxvii 

Ulouma moTBitana, trypsuosomos found in (Bruce, etc,), 38 , food of (Bruce, etc ), 41 , 
infectivity of (Bruce, etc ), 43 

Qoodey (T ) luvestigatious on Pj*otozoa m Belation to the Factor Limiting Bactenal 
Activity in Soil, 437 

Qosney (H W ) See Armstrong and Gosney 

Green (J R.) Obituary Notice of, xxxvi 

Qunda ufrv, osmotic pleasure and tlio regeneration of (Lloyd), 1 

GUnUier (A C. L G.) Obituaiy Notice of, xi 

Heemolysis, influence of salt concentration on (Topley), 396 

Hainan (£ T ) and Marshall (F H. A ) On the Belation between the Thymus and the 
Generative Oigans and the Influence of these upon Growth^ (with a Note by G. U, 
Yule), 68 

Hatta (SO On the Mesodermic Ongm and the Fate of the So-called Meaeetodenn in 
Pctromyzon, 467 

Heart, incimations of electrical axis of human (Waller), 49 , action ci carbon 

dioxide and adrenalin on (Patterson), 371 
Hdkwimaatix fcBcwdaf a new flagellate (Woodcock and Lapage), 353 
Heredity, beaiing of oytologtcal research on (Wilson), 333 
Hill (L) See Flack and others , also Twmt and Hill 

Holt (A ) The Colouring Matters in the Compound Ascidian Dtatvna vtolaaaa, Savigny, 
227 

Joly (J ) A Theory of the Action of Bays on Growing Cells, 262. 

Xato (T*) See Barcroft and Kato 

Bjent (A F, S ) On the Mechanism of ^ Cardiac Valves . a Preluninaiy Cemmuttuu^ 
tion, 537. 

Lapage (G ) See Woodcock and Lapage « 

JLepidoatrobua Xwieicchcnsw, formerly* A. ISs^ari (Scott), 485, 

Lipase— Oerrelation of synthetic and hydrolytic aetivity (Annstrong and QosneyX 



Lister (A.) Obhotry Notioe of, U 

Mcjd (D J.) The Influence of Osmotio Pleasure upon the Bsigeneration of Ch tn da 
1 , The Osmotic BaUnoe oi Skeletal Muscle, 068. 

Melntodi (J ) and Pildes (P.) A Comparatiye Study of Oxidation by Oatalyste of 
Organic and Inorganic Origin, 8S0 
McQueen (J ) See Pladc and others. 

Memhall ^ Bi. A.) See Hainan and Marshall 

Metabolism, Uood-flov and exudation, effect of functfonal activity on (Barcroft aiid Sato)| 
641 

Muscle, functional oedema in (Baok and othersX ^44 , — * osmotic balance ofsakeletd, 

(Lloyd), 668 , vapour*preaBur6 hypothesis of contraction of (Boaf), 188 

Myers (C S ) The Influenoe of Timbre and Loudness on the LooalisatioD of Sounds, S67. 

Nerves, cramal, question of segmental value of certain (NiohoUsX 663. 

Nichdls (G £ ) On the Ocourrence at an Intracranial Ganglion upon the Oculomotor 
Nerve in So^lhnm aantcuia, etc , 658. 

Obituary Notices — 

Gaekell, W H , xxvu. 

Green, J R, xxxvi 
Gtinther, A C L G , xi 
Lister, A , i 

Oculomotot nerve m Se^Uiumt intracranial ganglion upon (Nicholls), 668 
CBdema, functional, in frog’s muscle ^Back and othersX 644. 

Oxidation by catalysts, study of (Ewart), 264 

Oxygen pla^ in tissues, the microchemical test for the (Drury), 166 

Fattemon (S W ) The Antagonistic Action of Carbon Dioxide and Adrenalin on the 
Heart, 371 

Petromyson, so called mesectoderm in (Hatta), 457 

Plant growth and nutrition, accessory factors in (BottomleyX 837 

Prptosoa in relation to bacterial activity m soil (Goodey), 437 

Pulmcnutiy ventilation, effect of depth of, on oxygen m venous blood (Twort and Hill), 
548 

Boaf (H. £ ) The Yapoui •pressure Hypothesis of Contraction of Striated Muscle, 139* 

Scott (D H ) Leptdoitrolnu kmhtekiemn*, nomen nov., formerly Lepuioiirobut Fischm, 
Scott and Jef&ey . a Correction, 486 

ScpUttm can.utul€iy intracranial ganglion upon oculomotor nerve in (Nidiolls), 663. 

Sbnith (G.) The Life-Cycle of Oladocera, with Bemarks on the Physiology of Growth 
and Reproduction m Crustacea, 416 See also Thornton and Smith 
Soil, protosoa and bactenal activity in (Goodey), 437 
Sounds, localisation of (Myers), 267. 

Surface tension and ferment action (Beard and Cramer), 675 ; as factor in osU 
metabolism (OramerX 684. 

Thomson (D and J Q) The Cultivation of Human Tumour Tissue m ei8u— Pre- 
liBiinu 7 Note, 80. 

*Biomton (H. G.) wxd Smith <G ) On the Nutntive Conditions determining the Qrowtl), 
of eertmn Prash-water sod Soil Protista, 161. 



Thymus und generative organs, relation between^ and Inftuenoe on growth (Hainan aiMl 
lfandiallX68 

Tbwue, vanahon in growth of mammaJum, w» ei^ro (Waltmi), 476 
Topley (W W C ) The Influence of Salt-Oonoentration on Hsemolysii, 3^ 

Towem (A E ) See Back and others ' ^ ^ 

Trypanosoma raprm (KlemeX development in (Jlomna morsitans (throoe and othersX 63 
Ti7panoBonie causing disease in man m Nyasaland Liwonde straw (Bruoe and othent)« 

97 , naturally infected dog stiain (Brute and otbersX Hlf 190. 

Ttypanoaome disease, Olomna brsvtpaipts an (oi^nei of (Bruce and others), 30 
Trypanosome diseases of doniestit animals m Nyoealand Tll-^T pecortm> — Develop- 

ment mi Olosnna momtans (Bruce and othem), 3S , T oaprm^ Pait IIl^ 
Development in Qlomna morstUms (Binne and tethers), 92 « 

Trypaaosoiaes ni wild Glosnna mtrrsitms and wild game in fly l)elt of Upper Shu^ (Bi tie^ 
and othei-s), 38 

Tiypanosomes, question of s^ugamy m (Woodi-^^ k and Lapage), 353 
Tumour tissue, cultivation vn vttro (Thoinsun), 9U 

Twoit (,T K)and Hill (L) The Effort of the Depth of Pnhaonaiy Ventilation on tJu 
Oxygen in the Venons BIikxI Man, 548 

Wailei (A D) Tlie Vaiious ImlinatioiiK of the Ehrtiuul Axis (»f the Human Heait 
Part Ia — ^The Normal Hoatt Effects of Respuation, 49 
Walton (A J )%On the Vanatioii in the (4inwth of Mammalian Tissue tn vUro according 
bo the Age of the Amtnal, 476 

Wilson (B B ) Tht Bearing of 0}tologi< al Beseatth on Heioditv (Uroonian Lecturo), 
333 

Woodcock (H M ) and La)>agi (G ) Obsei vatioiw on the Life-Oytle of a New BkgellAte, 
I/elJlrsstirMstis fmcolc^ ug, uap togethei with Beinarks on the Queiitioii of 
Syngamy m the Trypanosomes, 353 « 

Yule (G IT ) gee Hainan and Marshall 


K5D Of THh KlOlITV-RtUHTR VOLUMB (8SR1B8 B) 


ip — 

UAasieoN Aiu» bans, PHntm ia wimwy to His MaJestyvSt IjsAe* m 





L A. B. L 7S. 

IMPSBIA.L AQRICULTDRAL RESEARCH 
INSTITUTE UBRABT 
NEW DELHI 






